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were highly variable, but all sites supported growth of M. spicatum except those exposed

to extreme wave action. Plants grew as well in non-invaded sites as sites currently

invaded. Key environmental characteristics that influenced the success of M. spicatum

included'biologically available phosphorus (SRP) and NOs-N in sediment pore water, and
SRP in lake water.

Myriophyllum spicatum may potentially have a more negative effect on water
quality at Lake Tahoe than does the native plant, E. canadensis, by leaking phosphorus
ffom its shoots during growth and senescence and enhancing the growth of
phytoplankton. Myribphyllum spicatum and E. canadensis were grown hydroponically in
clear Plexiglas microcosm tubes containing 1 liter of filtered lake water in laboratory
growth chambers set for long-day (14 hours) and short-day (10 hours) photoperiods. The

purpose of short-day photoperiods was to induce senescence. Carrier free radioactive

- 3pos*t (105 1Ci) was introduced to root compartments of M. spicatum and E.

canadensis and sealed off from shoot compartments. Over a 45-day period, release from
plant shoots into the water column was significantly greater by M. spicatum than E.
canédensis. Photoperiod did noi affect plant growth or phosphorus release.

In an outdoor microcosm experiment, M. spicatum and E. canadensis plants
were rooted in sediment without radioactive **PO5;* and grown in 1.5-litre clear
Plexiglass tubes for 6 weeks under natural temperature and light conditions.
Concentrations of nutrients (total phosphorus and nitrate) and chlorophyll-a were higher

in microcosms containing M. spicatum than those with E. canadensis and control

treatments that contained sediment and lake water, but no plants. Similarly, a laboratory

bioassay study showed that water from containers in which M. spicatum was grown
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CHAPTER 1

ECOLOGY AND SPREAD OF
EURASIAN WATERMILFOIL (MYRIOPHHLUM SPICATUM),
AT LAKE TAHOE, CA-NV



illﬁstrates this pattern for M spicatum at Lake Tahoe with an autofragmentation stage
also occurring in September. The only locations -used in this study that support M
spicatum and form subsfantial ice cover in the winter at Lake Tahoe were Tahoe Keys
Cove East Lagobn parts of Meeks Bay Marina. Foliowing ice out in the spring, new
stems of plants rise from the dormant stands that had subsided and decayed.

-v Like many invasive aquatic plants, success in colonization and competition
depends on the plémt’s mode of reproduction. Although M. spicatum is an angiosperm
capable of seed production, the spread of M. spicatum occurs primaﬁly vegetatively
through stoloﬁ and fragment production (Smith and Barko, 1990; Madsen and Smith,
1997). Two types of fragmentation exhibited by M. spicatum are autofragmentation and
allofragmentation. Autofragmentation refers to the self-induced abscission of shoot
apices that commonly occurs fo]iowing peak biomass (Madsen and Smith, 1990), while
allofragments are formed as a result of mechanical disturbances such as cutting by boat
propellers, harvesters, wave action, or crayfish grazing (Flint, 1975). Fragments are
easily transported within and(between water bodies (Fig. 1.3). They often establish dense
stands in areas protected from extreme wave actions, such as the marina of largeA lakes.
Factors known to affect the growth of M. spicatum in many mesotrophic and eutrophic
lakes are presented in Table 1.1 modified from Smith and Barko (1990).

With regards to nutrient cycling, macrophytés can have important effects on the

nutrient budgets in lake sedimeﬁts and water. Results of several studies suggest that

~macrophytes are capable of significant depletion of pools of nitrogen and phoéphorus in

sediments (Prentki, 1979, Barko et al., 1988, Chen and Barko, 1988), and may thereby be

a net source of nutrients into the water column of a lake. These nutrient fluxes often lead



the littoral zone of Tahoe is relatively narrow, the effects of macrophytes on clarity of the

- whole lake is not known. Colonization of the invasive M. spicatum in numerous sites

around the iake may play an important role in the eutrophication of near-shore areas of
Lake Tahoe. This chapter assesses characteristics of water quali;cy in relation to .'surveys
of M. spicatum growth in Lake Tahoe, while Chapter 2 considers the role of M. spi_catum
in nutrient cycling and water quality at Lake Tahoe through laboratory and in situ
expéﬁlﬁents. Studies in this ;:hapter conéem the éﬁrrent distribution aﬂd potential for
spread of M. spicatum at Lake Tahoe through wﬁdle—léke surveyé and an in situ
transplant experiment. Lake surveys aléo provide a basis for understanding the ecology
of M. spicatum in its natural ultra—dligotrophic lake environment. Summaries and

objectives of this research are described below. -

Lake surveys

Aerial and boat surveys of M. spicatum populations along the littoral zone of Lake

-Tahoe, conducted annually by the USDA/ARS beginning in the summer of 1995, indicate

that M. spicatum has spread rapidly in Lake Tahoe (Anderson and Spencer, 1996). We

used this data set as a base to gather more detailed information on the current distribution

and spfead of M. spicatum through aerial, boat and SCUBA surveys in the summers of

1999 and 2000. By establishing permanent transects in four of the survey sites, we aimed

to assess changes in growth patterns of M. spicatum and native plants over the summer
1999 growing season. Differences in water quality and environmental growth conditions
in areas with and without plants were also compared at four survey sites.

Specific hypotheses for the survey study included:



b

Materials and Methods
Lake surveys
Aerial, boat, and SCUBA surveys were conducted to monitor thé current

distribution of M. spicatum populations around Lake Tahoe. Locations of M. spicatum in
June, 2000 are presented in Figure 1.6, while GPS coordinates of all aquatic plants in
Lake Tahoe proper (unmapped) are listed in Appendix 1.1. Figure" 1.4 shows typical M.
spicatum infestations in Lake Tahoe marinas.

.~ We established 35-meter permanent transecté acros’ plant commﬁnities (Wat’er
depth 3-3.5 m) at four nearshore locations: Meeks Bay, Emerald Bay, Crystal Shores, and
Obexer’s Marina. Crystal Bay Marina is a small, private marina with little bdat traffic

located on the north shore of Lake Tahoe. Obexer’s Marina is the most heavily used

marina in the study and is located on the west shore of the lake. A creek flows through

Meeks Bay marina, on the west shore, intersecting our permanent transect.” Emerald Bay,
located on the southwest shore, was the only nén—marina site. This survey site is located
in an isolated bay and accessible only by boat. A stream flows into the lake a few meters -
south of the permanent transect. We sampled the Tahoe Keys Cove East Lagoon at
various times throughout the study as a comparison to the survey sites in the lake proper. |
The Tahoe Keys, believed to ble the origin of the ,infestatioﬁ, has the largest population of
M. spicatum at Lake Tahoe (Fig. 1.7). With 1;he daily mechanical harvesting of aquatic
weeds (Fig. 1.2), the Tahoe Keys is likely a source for further spread of M. spicatum

fragments around Lake Tahoe. We conducted our studies at Cove East Lagoon because it

currently is a relatively undisturbed section of the Tahoe Keys without harvesting located



Parameter Water Quality Moﬁitor (Sonde Modei 600XL hooked up to a Model 610 DM
field display) was used to measure temperature, pH, and dissolved oxygen at 0.5-meter
increments. Light extiﬂction at mid-day was determined using an integrating quantum/
radiometer/ photometer LiCor (LI-188B) in July, and spherical quantum sensor (LI-
193SA) in August, September and November. | Light was measured in open water and in

areas of M. spicatum vegetation under sunny, windless conditions and standardized as the

-percent of the surface light levels.

On each survey date, we collected interstitial sediment wafer by SCUBA in areas
with and without plant growth. The sampling apparatus (médiﬁcatio’n of K.L. Mckee's
interstitial water sampler) consisted of syringes and plastic tubing (Fig. 1.9). Lake water
was collected with a Van Dorne water sampler from areas with and without plants into
pre-Washed (with dilute hydrochloric acid) plastic bottles. Water was collected at depths |
above the plant canopies with care not to disturb the plants or their periphytic growth.

All interstitial sediment and lake water samples were stored in a cooler for transport to
the lab. A fraction of each sample (120 ml) was filtered with GF/C glass microfiber filters
for soluble nutrient .;:Lnalyses. Filters were folded face-in and kept frozen for chlorophyll-
a analysis.

Sediment cores of 15 cm depth (6.25 cm diameter) were collected with PVC pipe
via SCUBA from areas with and without plants (Fig. 1..10). Sediments were dried for
particle size analysis, and ground for total organic ca;rbon content (TOC), nitrogen and

phosphorus analyses.



‘containers of local sediments. Five plants, each with one apical meristem, were placed in

a container, and treatments were replicated four times. Containers were placed on the

bottom of the lake at depths of 10-12 feet (Fig. 1.12). Following nine weeks of growth,

- we retrieved containers from transplant sites (October 23, 1999).

Plant survivorship and growth were determined according to the number of
surviving plants out of five (% recovery) and plant height. The rlumber of stems on each
surviving plant was counted and the total dry weight of all surviving plantsmeasured»in'
each treatment (data not presented). To characterize environmental factors related to
plaht growth at each site, lake sedunent and water were sampled at the begmmng of the
study Dned sedlment analyses included partlcle size, total orgamc carbon (%TOC) total
Kjeldahl mtrogen (TKN) and blologlcally available phosphorus (Olsen—P) We also
measured dissolved phosphorus (DP), soluble reactive phosphorus (SRP) NH4-N and
N03-N of mterstltlal sediment Water Lake water analyses mcluded total phosphorus
(TP) SRP, DP, NH4-N N03-N and chlorophyll-a We also measured hght pH, DO and
temperature at the different sites. Due to dlfferences in samplmg dates and times

between sites, howev_er, we could make only limited use of these data.

Laboratory analyses of biogeochemical components

Chemical analyses of lake and sediment poor water included soluble reactive -
phosphorus (SRP), dissolved phosphorus (DP), total phosphorus (TP), ammonium-
nitrogen (NH4-N), and nitrate-nitrogen (NO3-N). Analyses were conducted in the Lake
Tahoe Research laboratory following standard protocols for low leyel, calorimetric

nutrient analyses. We used a modification of the Indophenol method for NH4-N reported
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detection system). This method is based on the analysis originally described by Dumas

(1831) and modified by Pella (1990). Plant phosphorus was determined according to a

~ quantitative analysis that utilizes a nitric acid/ hydrogen peroxide ﬂmicrowave digestion

described by Kingston and Jassie (1986) and later modified by Sah and Miller (1992).
Plant tissue phosphorus was analyzed by atomic absorption spectrometry (AAS) and

Inductively Coupled Plasma Atomic Emission Spectrometry ICP-AES with a'detection

*limit of approximately 0.05%.

Statistical Analyses
Lake surveys

Plants
Three-way ANOVA with an interaction and nesting of transect points at sites was

used to determine differences in the height of M. spicatum based on survey date, site, and
individual permanent transect points. The same models was used on /n-transformed
densny data. Changes in root and shoot biomass and root shoot ratios of M. spicatum
plants harvested from the four survey sites on four sarnplmg dates were determined by
AN OVA using a ln—transformauon to meet the assumptlon of normahty The same
model and /n-transformation were used to look at the effects of site and date on the
biomass of whole-plants as well. k

| We determined dlfferences in the nutrient content of plant tissues usmg two-way
ANOVA with 51te*date a:nd root/shoot main effects. A loss of plant sample from
Emerald Bay during the September sampling date resulted in an unbalanced experimental
design. Because the interaction Site*Date was significant for each _of these nutrients,

analysis of data required that we concatenate Site and Date. Typical Bonferroni pairwise



where E, is the light at the surface and E. is the light at depth, z. All measurements were
taken in the water column above the plant can_opy.

Analysis of covariance (ANCOVA) with 2-way interactions established

differences in dissolved oxygen in lake water according to survey site, date, water depth,

and the presence or absence of M. spicatum plants within sites. Site*date combinations

of lake water temperatures were weighted by depth, and thiee—‘v&ay ANOVA run on /n-

transformed temperature data.

Particle size analysis on sediments from the four survey sites and the Tahoe Keys
Cove East Lagoon was determined according to the percent of silt, sand, and clay in
sediments (Gee an& Bauder, 1979). Despite small sample sizes (n=2 or 3), two-way
ANOVA was used to assess differences in particle size distributioné according 't’ov"s’urvey
sites and the presence or absence of plants at sites.

- We used two-way ANOVA with presence or absence of plants (p/x) nested within

' site to determine differences in the /n-transformed percent organic matter (%-TOC) in

sediments from areas with and without A spz‘_catum at the four survey sites and the Tahoe
Keys Cove East Lagoon. We were also interested in differences in %-TOC in these
sediments between early summer, July 7, 1999, and late summer, ’Novem_,b"é’r 5,1999.
Three-way ANOVA with interactions was used to test the effects of date,'sitc'e and
the presence or absenc_e of plants Oﬁ Total Kjeldahl 'Nitrogen-(TKN) in lake survey
sediments. A similar model was used to determine differences in the biologically
available form of phosphorus in dried sediments, Olsen-P. To h;éet the assumption of

normality (Sokal and Rohlf, 1997), we used the natural-log of TKN and Olsen-P.



produced by PCA with correlation and stepwise multiple regression did not fit the data as
well as PCA with covariance. Specific environmental variables identified in PCA with
covariance were placed into an ANCOV A model in place of the categorical variables,

<site> and <sediment>.

Results
Lake surveys

During our field surveys we observed that M. spicatum reached its peak growth

by late August and early September, and thatby the late September sampling date plants
showed signs 'of senescence:. intense autofragmentation, sloughing off of mature leaves
ancl‘ shoots, color Change m stems and leaves from vlbrant green to reddlsh white due to
chlorophyll degradatmn Autofragmentatlon among plants resulted in shorter stems of
the mature plant and new fragments were estabhshmg in the sedrment by November
(Fig. 1.2). | |
The average height of M. spicaﬁ“um in survey plots differed according to Jdate site,

date*51te and md1v1dual permanent samplmg pomts along the transects (AN OVA

F=11 27751,277, p<.0001). We measured average heights of M spzcatum in plots ranging
| from 5 cm to 89 cm. Flgure (1. 13) shows that in general, height mcreased ﬁom July 7
(mean height 17.11 cm) to August 31 (mean height 24.19 cm) and September 27, 1999
(mean helght 24.67 cm) Plant height decreased at all sites except Meeks Bay by
November 5 1999 (mean height 22.70 cm). Res1duals of this data set were normally
distributed (Shapiro-Wilk, W=.98_4, p=.6360), and details of the ANOVA are presented

in Table 1.2.



more diverse sites (Figs. 1.16a, 1.16b). Myriophyllum spicatum, the dominant
‘macrophyte at Emerald Bay and Meeks Bay Marina, appears to have increased along
transects from July 7, 1999 to September 29, 1999, displacing native macrophytes,
Elodea canadensis, Potamogeton sp., Utricularia sp, and Chara sp. The subsequent
. decline in M. spicatum on November 5, 1999 at both sites corresponded to increases in
the percent cover of native species.
_ Individ}lal plant biomass,.di_ffered at the four survey sites and across the four
summer sampling dates (ANOVA, F = 13.048 14,121, p<.0001) (Fig. 1.17a). Maximum
v biomass based on thevdr.y weight of Whole plants occurred on September 27, 1999 (0.46 +
031g ﬁW plantfl. In general, the biomass of shoots was greater than roots. Tukey-
'Kfame; HSD pairwise comparisons revealed that the biomass of plants from Crystal Bay
Marina was greater than plants from Meeks Bay, Emerald Bay, and Obexer’s Marina.
. Biomass of plants from the laﬁer three sites, on average, wgré not different. The model
~also :évealed that the biomass of i_nd_iv_iduai plants Wwas greater in August, September, and
November than the biomasgé's of the July sampling ,dafe. Residﬁ_als of the model were
‘normally distributed Shapiro-Wilk, W = 9825, p = .5917). | |
Flgure (1.17b) shows\t]:__te mean root:shoot ratios (dry Weight) of individual M

spicatum plants along the transect surveys. Root:shoot ratios ranged from_0.0_84:2
(minimum) to 3.56 (maximum) with a mean of 0.597 £ 0.478. According to the
ANOVA, there was not enough infqnnafcion to detect differences in root:shoot ratios of
‘ M spicatitm at different sites or sampling da%es during this one summer study.
The amount of carbon in plant tissues appeared rather uniform, increasing slightly

over the summer at all four survey sites (Fig. 1.18a). Plant tissue nitrogen, on the other
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(minimum), 0.30% (maximum), 0.15% +-0.05% (mean). The mean phosphorﬁs content
of whole plants was 0.22% * 0.10%. Residuals of the model were normally distributed
(Shapiro-Wilk, W = 09726, p = .1434).

-Ratios of C/N in tissues of M spicatum plants varied according to the site*date

interaction and root and shoot plant parts (F = 10.457}4,110, p<.0001) (Fig 1.19a, Table

- 1.4a). -Ratios of C/N ranged from 10.78 to 48.27, and the mean C/N ratio for all plants

was 27.23 + 8.84. On average, C/N was lower in shoots than below ground roots and
fragments (Table 1.4b). Tissues of plants from Emerald Bay had higher C/N than from
any of the other sites, when survey date Was held constant. Lil;eu?iSe, plants from
Obexer’s Marina tended to have lower C/N ratios than plants from other sites.
Myriophyllum spicatum collected on November 5, 1999 had a higher ratio of C/N than
earlier survey dates at Crystal Bay Marina, Emerald Bay and Meeks Bay Marina. Mean
C/N ratios in plant tissues, and Bonferroni pairwise comparisons are given in Tables 1.4a
and 1.4b: Residuals were normally distributed (Shapiro-Wilk, W = 0.9804, p = .4492).

Ratios of C/P in M. spicatum plants varied by Site*Date concatenations and root
vs. shoot plant parts (ANOVA, F = 3.485,110, p<.00"01).' Due to insufficient plant

material, multiple data points were missing from this analysis. According to Figure

11.19b, C/P ratios appear to have increased until September 27, and then to have fallen by

November 5, 1999. On average, C/P of M. spicatum roots (mean = 184.8 + 149.7) was

greater than that of shoots (mean = 100. 8 +71.8). Mean C/P ratios in plants according to

 Site*Date combinations and typical Bonferroni pairwise comparisons are given in Tables

1.5aand 1.5b. Statistically, there were no consistent patterns in C/P ratios according to

survey site or date. At Crystal Bay, C/P in M. spicatum was greater on August 31, 1999



spicatum roots varied according to combinations of Site and Date (ANOVA, F =

5.77514,54, p<.0001). Apart from lower C/N in plant roots at Obexer’s Marina on -

- :November 5, 1999 than September 27, 1999, Tukey-Kramer HSD did not reveal many

51gmﬁcant dlfferences by date (Table 1.6b). Mean C/N in roots and shoots are given in

-Table 1.6¢c and 1.6d. Although one way ANOVA determined that C/P ratios of M. - -

spicatum shoots alone differed according the Site*Date combination (ANOVA, F =

- 2.40144,58, p=.0101), there were no significant differences between pairs in Tukey-

Kramer HSD contrasts. Mean C/P ratios of plant shoots are given in Table (1.7). There
were no differences-in C/P of M. spicatum roots at different survey sites on the four
survey.dates.

- Through stepwise multiple regression (forward step) and ANOVA we found that
the biomass of M. spicatum seemed to be associated with TP and NH4-N in lake water,
with NH4:N in interstitial sediment, and with Olsen-P in dried lake sediments F="
18.7543,119, p<.0001, Rzadj = 0.5279) (Table 1.8a). Correlations were negative for each of
theéé factors except NH4-N in lake water (Table 1.8b). Nutrient concentrationg_ in
sq:dirnent interstitial water and-lake water are presented in Appendices 1.3 and 1.14.

" Using stepwise multiple regression and ANOVA, we found that concentrations of

*“nitrogen in M. spicatum correlated to NH4-N and NO;-N in sediment pore water and lake

water (F =28.13512,129, p<.0001, Rzadj = 0.6978) (Table 1.9a). Correlations were -

negative for NH4-N and NOs-N in lake water and positive for NHs-N and NOs-N in

sediment pore water (Table 1.9b). Residuals of the model were normally distributed

(Shapiro-Wilk, W = 0.970, p = .0697).



date, 11/5/99 than all of the earlier dates. Chlorophyll-a in July was not different at
Obexer's from levels in August or September. With marginal significance (p = .0645),

- the August sampling date had a lower chlorophyll-a level than the September date.
Chlorophyll-a did not differ iﬁ lake water between sampling dates at Emerald Bgy_ “There
were also no differences according to date at Meeks Bay ‘exceptthat chlorophyll-a was
higher on the November date than in July. Individual measurements of chlorophyll-a in
Lake Tahoe littoral water are listed in Appendix 1.5.

- Light extinction coefficients varied among survey site, on different dates,
and in areas wﬂh and without plants at certain sites (ANOVA, F = 8.785¢,37, p<_,QOO,1) ’
.- (Fig. 1.21). Although plants vs. no plants (p/x) was not significant as_a»ma,in effect, we
kept it in the model because of its‘ significance in the interaction with site (Table 1.12a)
(Neter et al., 1996). Light extinction coefficients were lower on the three earlier

- sampling dates than on November 5, 1999 (iIuly_7, 1999 mean =0.275 £ 0.127;
- September 9, 1999 0.244 +0.142; September 27,-1999 0.180 + 0.140, - November 5,
1999 0.715 £ 0.035). By site, the highest extinction coefficient occurred at Meeks Bay.
Figure 1.21 illustrates that mean e.xtinction coefficients appeared slightly higher in areas
wﬁ1 plants than no-plants at Emeraid Bay, Meeks Bay, and Obexer’s Marina. i—Iowever,
differences in extinction coefficients were not significant at the 5% alpha level, except at
Crystal Bay Marina where the no-plants area had a higher extinction coefficient. Specific
differences in extinction coefficients between specific pgirs of dates, sites, andv plant/no-
plant areas are presented in Table (1.12b). Residuals of the model were normally

distributed (Shapiro-Wilk, W=.9799, p<.0001). Individual light measurements in the



temperature \;vas greatest at Crystal Bay Marina and coldest at Meeks Bay Marina.
Tables 1.14a and 1.14b give details of the ANOVA and Bonferroni pairwise comparisons |
of individual factors in the analysis. Individual temperature measurements are given in
Appendix (1.8). Although residuals of the model were not quite normally distributed at
the 5% alpha level (Shapiro-Wilk, W=0.970, p=.0008), we accept these results given that
there were 341 temperature measurements in thé model. - |

Particle size analysis showed that sand was the largest constituent of sediments,
ycomprising between 87% and 96% of sediment from the four lake survey sites and the
Tahoe Keys Cove East Lagoon, while %-silt and %-clay made up between 1% and 9% of
sediment composition (Fig. 1.22). - With a small sample size (n=2), there was not enough
power in the two-way ANOVA to reveal differences in %—san(i, Y%-silt, or Y%-clay
between sites or areaé with and without plénts. Actual particle size measurements are

presented in Table (1.15).

- We found that the percent of organic matter in sediments (%—TOC) was different

- among the four survey sites and Tahoe Keys Cove East Lagoon, and depending on the

site, %-TOC was djffefent in areas with plants vs. no plants (ANOVA, F = 11.0927,31,
p<-0001) (Fig. 1.23). The amount of fOC did nc;t seem to vary in sediments collec;[ed on
early arid late summer sampling dates. Table 1.16 gives typical Bonferroni contrasts
between %-TOC at the five survey sites. On average, areas with M. spicatum plants at
Crystal Bay Marina (t = 2.4204, p=.0216) and Emerald Bay (t = 2.4014, p=.0266) had

higher %-TOC than areas without plants. However, there was not enough information in

‘the model to determine differences between plants and no plants at Obexer’s Marina.

| Compéring sites, the amount of TOC was greater in the sediments from Obexer’s Marina



sediments without plants (Table 1.18b). The opposite was true for sediments from Meeks

Bay, and we did not detect differences according to p/x at Emerald Bay. According to

- the significant Date*p/x interaction in this model, sediments with plants had higher levels

of Olsen-P on August 31, 1999 than sediments without plants. By September 27,

sediments without plants had higher levels of Olsen-P than sediments with plants. On

‘both July 7 and November 5, 1999, we did not detect differences due to p/x. Due to an

imbalanced experimental design, Crystal Bay was not included in the p/x contrast on July
7, 1999. Comparing sites, we found that Olsen-P was significantly lower in Emerald
Bay sediments £han in sediments from Meeks Bay or Obexer’s Marina. :Data were In-
transformed to meét the normality requirement for ANOVA (Shapiro-Wilk, W = 0.985,
p=-7960).

Soluble reactive phosphorus in interstitial water of sediments was generally quite
low and differed by site, date, and the presence or absence of plants at survey sites
(ANOVA, F = 7.38722,64, p<.0001) (Fig. 1.26a, Table 1.19a). Soluble reactive.
phosphorus in interstitial sediments was highly variable according to date and site.
Typical Bonferroni pairwise analysis revealed that SRP in interstitial sediment water was
greater on August 31 énd September 27 than on July 7 or November 5, 1999 (Table

1:19b). By site, SRP in sediments was greater at Emerald Bay than at any of the other

¢ sites. We also found that depending on the site, interstitial sediment SRP was different in

areas with and without plants. ‘At each of the sites except Meeks Bay, sediments without
plants had higher SRP than areas with plants, although differences were signi_ﬁcant only
at Emerald Bay and Meeks Bay Marina (Table 1.19b). Although the interaction Date*p/x

was significant in the model, typical Bonferroni pairwise contrasts revealed that SRP was



Dissolved phosphorus, the acid digested form of soluble phosphorus in sediment
' pore water, Qaried according to site, date, and the presence or absence of plants at the
four survey sites (ANOVA, F = 6.7029,s6, p<.0001) (Fig 1.27, Table 1.20a). This -
~ analysis excluded the July date due to an inadequate volume of water sampled for
chemical analysis on that date. Dissolved phosphorus decreased in sediments over time
from August 31, 1999 to November 5, 1999 (Table 1.20b), but differences were not due
“to the presence or absence of plants. With regards to site, DP in sediments at Crystal Bay
was less than in Meeks Bay sediments. Likewise, dissolved phosphorus was greater in
sediments at Emerald Bay than at Obexer’s Marina (Table 1.20b). Dissolved
phosphorus in sediment pore water also differed according to the presence or absence of
plants only at Emerald Bay, where sediments without plants had higher levels of DP ihan
-sediments that supported plant growth. To compare the DP in sediment from the Tahoe
Keys, we specified the August 31,1999 sampling date, and found that DP was greater in
intérstitial- sediment pore water-at the Tahoe Keys than.at any other site (Table 1.20b).
Data were In-transformed to meet the ANOVA aésumption of normality (Shapiro-Wilk,
W = 0.9706, p = 0.2874).

: -We did not find differences in interstitial sediment NH4-N according to survey
site, date, or the presence or absence of plants (ANOVA, F = 1.10022,¢6, p = 0.3695) (Fig.
1.28).

Thé: amount of NOs-N in interstitial sediment pdre ;vater varied By survey site,
date, and the presence or absence of plants at the four survey sites (ANOVA, F =
3.4699,64, p<.0001) (Fig. 1.29). Although the main effects of date and p/x were not

significant, they remained in the model because they play significant roles in interactions



'p<.0001) had significant effects on the probability of survival of M. spicatum in the
transplant experiment (Fig. 1.30). Although, the effect of milfoil-source on plant survival
- was not significant, it was included in the model as a main effect because the interaction -
_site*milfoil-source was significant (Neter et al., 1996). Results of logit parameter
contrasts are given in Table (1.22a). Because M. spicatum from the Tahoe Keys was -
transplanted to all four transplant sites (Tahoe Keys, Meekg Bay, Kaspian Point,
‘Boatworks Marina), while M. spicatum from Meeks Bay was transplanted only at Meeks
Bay and the Tahoe Keys Cove East Lagoon, we contrésted the effects of site on
survivorship using only those containers with M. spicatum from the Tahoe Keys.
Myriophyllum spicatum grew successfully at every site and in each type of
sediment, except where there was extreme wave action outside of the Boatworks Marina.
Similarly,.there was no successful growth of M. spicatum grown in Tahoe :Keys_ sediment
- -at Kaspian Point, a less protected area.: The logit contrast analysis of site parameter |
estimates determined that M. spicatum was more likely to survive at the Tahoe Keys than
at Meeks Bay or Kaspian Point. There was no difference in the likelihood of survival at |
- Tahoe Keys vs. the Boatworks Marina, where plants were protected from wave action.
There was also no difference in the survival potential of M. spicatum based on plant-
source (Tahoe Keys vs. Meeks Bay Marina).
Among sediments, survivorship of M. spicatum was greater in Tahoe Keys
sediment than in Boatworks sediment. There were no significant differences in
survivorship likelihood between plants grown in sediment from the Tahoe Keys, Meeks

Bay, or Kaspian Point (Table 1.22a).



at the Meeks Bay (9.7+ 1.3) (ANOVA, F = 28.844,,4,p =.0076) (Fig. 1.32c). At certain

sites, the source of sediment inﬂuenced the height of M. spicatum growth (ANOVA, F =

- 13.094,122,,p<.0001); on average, plants grown in sediments from the Tahoe Keys grew
tallest (Table 1.23b). . |

Crayfish appeared to affect the success of transplanted M. spicatum in this study.
We -fou‘nd. that plants grown in their home sites survived erayﬁsh grazing more than
plants transplanted from a foreign site. That is, at Meeks Bay, plants from Meeks Bay
grew an estimated 21.5-cm taller than those from the Tahoe Keys (Table 1.23b). This
can be explained by preferential grazing on Tahoe Keys milfoil by crawfish at Meeks
Bay, a phenomenon that we observed during our SCUBA surveys. _

We used principle components analysis (PCA) of covariance to identify
venviromnental veriables that explained the ‘variation among water conditions and
sedirrrents, rndepenrient ef plant heights, in the transplant experiment. Environmental
variables censisted of: NH4-N, NOs-N, DP, SRP, in lake water, and NH4-N, NOs-N, DP,
SRP 1n inrerstiriel sedimerrr Weter, and TKN, P-Olsen, % TOC, %-Sand, %-silt, and %-
clery m transplant se‘dikments‘. We did not have individual measurements of environmental
vaﬁabies asseciated with pi:;ﬁt heiéhts from each container, so we used means of
environmerrtel rariabies: NH;4-N, NO;-N_, SRP, DP,. arnd TP in 1ake water; -NH4-N, NOs-
N, SRP, Df in interstirial sediment pore water; and TKN, Olsen-P, % TOC, and partiele

| size of dried sediments. Distributions and means of these variables at the variorls |
' trensplem sites are presented in Figures 1.33a—c. 'fhe four unique values associated with
.each variabie, representing a mean of each of the four transplant sites or sediment

sources, are listed in Appendix 1.10. Principle components analysis identified SRP and




(1999) monitored the expansion of M. spicatum in oligotrophic Lake George, N.Y., from
6 m2 in 1987 to 144 m® in 1997. From its initial observation in 1985, M. spicatum spread
to 106 discrete locations in Lake George (Boylen et al., 1996). Spread of M. spicatum

. was impeded only by physical barriers such as water depth limits and éediment type. On
a smaller scale, Madsen and Smith (1997) measured radial expansion rates of 3.9 cm day”
Vof M. spicatum populations in experimental ponds. - Although the exact date of
introduction to Lake Wingra, WI is unknown, M. spicatum increased in abundance over
six years (1960-1966), displacing native plants, and becoming the dominant macrophyte
in what was once a diverse aquatic plant community (Trebitz et al., 1993). During the
peak of its infestation, M. spicatum covered about 40 ha of the shallow, eutrophic lake’s
140 ha surface. Carpenter (1981) found that poor light penetration limited M. spicatum
growth to water shallower than 2.5 m at Lake Wingra. As a result, the rate of spread of
M. spicatum was controlled by the rate of formation of colonizable sediment surface
areas in shallow water. Although we did not suspect turbidity to be a limiting factor for
the spread of M. spicatum in the pristine waters of Lake Tahoe, water clarity was among
the many factors considered in our investigation of the ecological parameters determining
the spread and growth of M. spicatum at Lake Tahoe.

Changes in density, height, and biomass of M. spicatum in the lake surveys fit the
growth pattern we observed over the summer 1999 survey period (Fig. 1.2). The mean
peak biomass of M. spicatum at Lake Tahoe survey sites was achieved by September 27,
1999 at 0.46 + 0.31 g DW plant”. Given that the average density of M. spicatum in Lake
Tahoe proper was 261 stems m™ % 169 stems m, the mean biomass at Lake Tahoe can

be estimated at 88.74 g m™ dry weight. Considering the variation in these measurements,
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1999) and 2.5 m at Lake Wingra (Carpenter, 1981). Myriophyllum spicatum reached
estimated heights of at least a meter in marsh areas behind the Tahoe Keys Marina in
1991, where water clarity was much poorer than Lake Tahoe (data not presented).

Our experiment to test the effects of lower light levels on M. spicatum growth
using blue polyethylene plastic tarps with UV protection, suggested that plants actually
grew taller in the shade (1.16% light of open water) than in the open, clear waters of
Crystal Bay Marina. It should also be noted that because this experiment was conducted
between piers in a marina, event the open water treatment provided plants' some shade as

the sun moved across the sky and behind the piers. In truly open water we might have

expected differences in plant height to be more pronounced between shade and no shade,

especially because plants growing under the shade of béat docks were three times as tall
as those in the open of Crystal Bay marina from iuly’throughout August, 1999. Ina
recent study (2000), Huovinen and Goldman found that in situ phytoplankton
productivity was hindered by current levels of UV-B radiation at Lake Tahoe. Because
we measured the quantity of photosynthetically active radiation (PAR, scalar irradiance)
rather than the quality of light at Crystal Bay Marina, we cannot draw ’conclusions about
the properties of light that influenced the growth of M. spicatum in this preliminary study.
Other studies have found, however, that concentrations of hydrocarbons, which can occur
in lake marinas, in conjunction with UV-B radiation, may have deleterious effects on
aquatic plant growth (Arfsten et al., 1996; Duxbury, et al. 1997; Huang, X.D., 1997).
Further field observations supported the speculation that M. spicatum growth was
influenced by light levels at Lake Tahoe. We found that M. spicatum grew to the greatest

height at Meeks Bay, the site of poorest water clarity, weak light attenuation, and high



: '

v
L

to a decade (Trebitz et al., 1993; Madsen, 1994; Boylen et al., 1996, 1999). Distributions
of aquatic plants documented in this study can be used as benchmarks for future studies
monitoring the effects of M. spicatum on native macrophytes.

Nutrient concentrations in plant tissues changed as expected according to the life
cycle described for M. spicatum over the summer 1999 survey period. Lower C/N ratioé

in Meeks Bay plant shoots in July support the expectation that young plants concentrate

nitrogen in their photosynthesizing shoots early in the growing season (Rorslett et al.,

1986; Graneli and Solander, 1988). Nitrogen concentrations in plant tissues decreased
from July to the August 31 and September 27 survey dates. -Gerloff and Krombholz

(1966) explained that decreased midseason values of nitrogen and phosphorus in plants,

.obtained when plant growth is heaviest, should indicate whether the supply of a particular

~element has been reduced such that that element becomes limiting for optimum growth of

that plant species. - The decline in nutrient concentration in M. spicatum may be explained
by a decrease in sediment nutrient availability during the period of active growth. Ttis
also probable that older plants lost nitrogen in the process of senescence by September
27, 1999. By November, many of the survey plants had senesced, and new plant
fragments were being established. Slightly higher N concentrations in plant tissues
collected in November may reflect the fact that plants were selected at random for
morphological and tissue analyses in surveys. Because we did not separate older
senescing plants from the new generation of young plant fragments with high N contents,
the combination of cohorts on the November sampling date probably raised the mean N
of mature, senescent survey plants on this date. Higher C/P ratios in Crystal Bay M.

spicatum on August 31 and September 27 than on November 5, may also reflect
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difficulties involved with separating different generations as well as live and dead tissues
of below-ground plant biomass.

The lack of change in C/P ratios in M. spicatum roots and shoots over the course
of the summer may be explained by high Variabiﬁty among plants at different survey sites
and dates. Because the mean phosphorus concentration (0.22 + .10% dry weight) in M
spicatum at Lake Tahoe was gréater than the critical concentration established by Gerloff
and Krombholz (1966) (0.13% P dry weight), it seems that plants were not limited by
phosphprus in the littoral environment, and that fuxury consumption (Graneli and
Solander, 1988) of phosphorus may have buffered signs of phosphorus translocation in
the plants. The question of phosphorus retranslocation between plants roots and shoots
was investigated in more detail using a 32P tracer in a sepérate microcosm experiment
described in Chapter 2.

The low mean N/P ratio (8.17) for M. spicatum at Lake Tahoe suggests that if M
spicatum growth is nutrient-limited, then it is more likely limited by N. The N/P ratio has
been used to indicate relative deficiencies of N and P in aquatic plants, phytoplankton .
and terrestrial species (Chapin and van Cleve, 1989; Royle and King, 1991; Sytsma and
Anderson, 1993a, Lambers et al., 1998). The ratio of N/P in plants remains surprisingly.
constant (8-10.1) when plants receive nutrients in a ratio similar to that in their tissues
(Lambers et al., 1998). '.ll)eviations from this ratio reflect nutrient imbalanCe; caused by
reduced ‘uptake.of growth limiting nutrients, which is sometimes also combined with

luxury consumption of nutrients that do not limit the growth of plants. Consideration of
the lower limits of N concentrations in tissues of M. spicatum at Lake Tahoe (mean

1.62% =+ 0.59%), also points to nitrogen limitation for M. spicatum in this since the
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Obexer’s Marina tended to have lower C/N ratios than plants from other sites, implying

 that their growth was less limited By nitrogen.

In this study we also aimed to establish the relationship between M. spicatum

biomass and environmental variables at survey sites. We found that TP and NH4-N in

lake water, NHy4-N in interstitial sediment, and Olsen-P in dried lake sediments had the

- strongest associations with M. spicatum biomass. The negative associations between

sediment nutrients and plant biomass might be explained by competition for nutrients in

the sediment. Low nutrient availabilities could result from uptake by plants in biomass

‘ production and increased microbial activity at that particular time. Graneli and Solander

(1988) describe a concentration gradient of dissolved reactive phosphorus in the sediment

- with the lowest concentrations near roots crowns of aquatic plants. Similarly, extensive

-reductions in sediment NH4-N in beds supporting M. spicatum have been reported

(Carignan, 1985). Fﬁrthermore, Nichols and Keeney (1976) established that NH4-N was
the preferred form of nitrogen by M. spicatum. The negative correlation between TP and
plant biomass also makes sense since TP incorporates periphytic and planktonic algae in
lake water. High abundance;s of algae in the vicinity of macrophytes implies greater
competition for light and nutrients among all primary producers that might reduce plant

biomass production (Gross, 1996; Sondergaard and Moss, 1998). Evaluation of the

strength of this correlation (Rzad- =0.5279) should consider that each measure of plant
j

biomass did not correspond to independent measures of environmental variables. Rather,

because environmental variables were measured in replicates of n=3 or n=5, we used

means as unique values for combinations of site and date to explain variation in plant

biomass. Conclusions from this analysis are speculative, and further experiments should
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associations of M. spicatum with microbes in the plant-sediment rhizosphere (Wigand

and Stevenson, 1997).

Environmental variables

Results of this survey support the hypothésis that differences in environmental
variables were with the presence or absence of plants at the survey sites. Concentrations
of chlorophyll-a followed the pattern observed in lakes of low chlorophyll concentrations
in the early sunﬁner as plants compete with phytoplankton for nutrients during their early
rapid growth period (Sondergaard and Moss, 1998). Incre;ased chlorophyli-a
concentrations late in the summer may have been due to the senescence of plants and
release of nutrients that enhance phytoplankton growth (Landers, 1982). Qn average,
chlorophyll-a in lake water was greater in areas with plants than without plants,
particularly at the Tahoe Keys Cove East Lagoon, Meeks Bay Marina, and Obexer’s
Marina. C;)mpan'sons.of areas with and without plants at the Tahoe Keys Cove East
Lagoon may not be valid as the no-plant site was located across a narrow sandbar in the .
lake proper, rather than in the lagoon itself (Fig. 1.17). The relationship between M.

spicatum and phytoplankton productivity is described in Chapter Two in é series of

‘microcosm experiments and bioassays using natural Lake Tahoe phytoplankton.

Higher light extinction coefficients in areas with plants (measured above plant
canopies) at all of the survey sites except Crystal Bay Marina implies higher turbidity in
the water in the presence of plants. This is not surprising given the abundance of
epiphytic and planktonic algae and fine sediment and detritus associated with beds of

macrophytes (Carpenter and Lodge, 1978; Wetzel and Sondergaard, 1998). Given that
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hourly fluxes in DO since the oxygen content of water is related to rates of
photosynthesis. Further studies might also use éxperimental manipulation to test the
effects of macrophyte density on DO concentrations in littoral areas of Lake Tahoe.

As expected in an unstratified lake, temperature decreased withldepth and
increased over time (Horne and Goldman, 1994; Wetzel, 1983). The rise in temperatures
in areas with plants on July 7, 1999 through August 30, 1999 and subsequent decrease by
September 28, 1999 corresponds to the growth pattern of M. spicatum as the plants
reached stages of peak height, biomass, and density in August and entered senescence by
the end of September. In addition to photoperiod, temperature may be an important
envirénmental queue influencing the life cycle of M. spicatum (Smith and Barko, 1990).
Although differences in temperature Were slight we cannot draw definitive conclusions
about the relationship bétween M. spicatum and temperature without controlled
experimentation.

We did not find differences in sediment particle size between areas with and
without plants. In all cases, sand comprised the largest fraction of sediment (87%-96%)
with silt and clay only 1%-9% of the sediment. Contrary to Barko and Smart’s (1986)
claim that M. spicatum does not grow well in course, sandy substrate, we found that the
distribution of plants at current survey sites may not be confined by such sediment
particle size distributions. Barko and James (1998) discuss the ability of aquatic plants to
slow water movements, increasing sedimentation rates and influence particle size
distribution in lakes. Because there was not a difference in particle size distribution
between areas with plants and without plants (keeping in mind a small sample size of

n=2), it is possible that by 1999 the presence of aquatic plants, primarily M. spicatum,
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We found that concentrations of SPR decreased over time in areas with plants
relative to areas without plants (Fig. 2.27b). This is most likely the result of uptake by
plants as plants readily absorb biologically available phosphorus from sediments as part
of their active role in P cycling in aquatic systems (Carignan, 1985; Smith and Adams,
1986; Stephen et al., 1997). High variability among results suggests that the small
sampling size (n = 3) in this experiment did not yield enough power to accurately
represent the high heterogeneity of nutrients in sediment pore water at Lake Tahoe.

There were no consistent trends in nutrients, NH4-N, NO3-N, or DP, cycling at
survey sites according to the presence or absence of plaﬁts over time. It appears that
nutrient concentrations in sediment pore water are highly variable. The effects of plants
on nutrient cycling might best be detected under controlled microcosm experiments or in

the field with large sample sizes (Chapter 2).

Reciprocal transplant

In a study to determine the factors governing spread of M. spicatum in Lake
Wingra, WI, Kimbel (1982), found that the optimal conditions for colonization were high
light availability, hiéh temperature and sediment nutrients, shallow water and organic- ~,
rich sediments. In this reciprocal transplant experiment, we determiﬁed that M. spicatum

could grow successfully at every site and in the sediments from every site tested at Lake

‘Tahoe. Only under conditions of extreme wave action did M. spicatum fail to grow.

Survivorship was highest when plants from a particular location were grown at that
location. This could be related to our observation that crayfish preferentially grazed

foreign transplants in the transplant experiment. Future transplant experiments could
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spicatum. Ratios of N/P in survey plants indicated that M. spicatum was nitrogen limited
at sites in Lake Tahoe proper. It is possible that the negative association with NO3-N
re»ﬂectsv the low levels of this nutrient as M. spicatum removes it from sediments and
water for growth. Given that we did not have individual measurements of environmental
variables for each plant in transplant containers and wereAforced to use four unique values
(averages) in the PCA model to explain variation in transplant sites and sediments,
R?=0.46 for this study is not terribly low. However, we recommend repeating this
eXpeﬁment Wiﬂl’ a more detailed sampling analysis of environm;antal variables to better

determine which Variables most strongly affect plant growth.

Conclusions

Our detailed surveys by boat, airplane, and SCUBA during the summers 1999 and
2000 reveal that M. spicatum, in addition to its large population in the Tahoe Keys
Marina, has spread to 15 sites in the lakg: proper. The transplant experiment indicated
that M. spicatum has the potential to spread to further sites that are protected from wave
action. Despite the fact that M. spicatum grew the tallest at the Tahoe Keys Marina and
in sediment from the Tahoe Keys, this invasive plant has the potential to successfully
establish at other sites around Lake Tahoe in which it is not currentl}; present. Growth
success of transplanted M. spicatum was influenced by transplant site and sediment type,
and specifically by biologic;lly available SRP in lake water and sediments. Because of

the problems associated with this exotic weed, including its potential threat to water

quality (Chapter 2), management solutions should be explored.
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CHAPTER 2

~ EFFECTS OF SUBMERSED MACROPHYTES ON WATER QUALITY AT LAKE

TAHOE: A COMPARISON OF INVASIVE EURASIAN WATERMILFOIL

(MYRIOPHYLLUM SPICATUM) WITH NATIVE ELODEA (ELODEA CANADENSIS)
\ -
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nutrients during stages of senescence and decay to overlying water columns (Landers, et
al., 1982; Rorslett et al., 1986; Sater et al., 1994).

Accelerated nutrient loading is a great concern for eutrophication in lakes, and the
role of submerged macrophytes in the nutritional economy of ia.kes has inspired many

important studies. Submerged macrophytes are unique among rooted aquatic vegetation

. because they link littoral sediments with the overlying water column (Barko and James,

1998), thereby cycling nutrients, such as nitrogen and phosphorus that can contribute to

- the process of eutrophication. Over the past 20 years debate over whether macrophytes

serve as sources or sinks for particular nutrients has led to studies that attempt to quantify
nutrient source-sink relationships involving both soluble and particulate nutﬁent fractions
(Barko et al., 1991; Barko and James, 1998). In general, submersed macrophytes serve
as nutrient sinks during their éctive growth, and as potential nutrient sources during
periods of senescence and decay (Carpenter and Lodge, 1986; Rorslett, et al. 1986; Jones,
1990; Sondergaard gnd Moss, 1998).

Understanding nutrient Cycle§ between sediments and the water column via
submerged macrophytes requires determination of the rélative contribution of sediment
and water to nutrient uptake by submerged macrophytes. Barko et al. (1991) presented a
simple empirical model to predict the relative contributions of sediment and water to the
phosphorus budget of submersed macrophytes. This model predicts that more than 50%
of the phosphorus supplied to macrophytes comes from the sediments when the ratio of
dissolved reactive phosphorus (DRP) in the sediment interstitial water to DRP in the open
water exceeds about 4. Multiple studies reviewed by Barko ef al. (1991) revealed that this

ratio is not uncommon, and that in fact the ratio is often so high that sediments contribute
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Dynamics of epiphytes and phytoplankton populations also respond to life cycle
patterns of submersed macrophytes (Landers, 1982; Sondergaard and Moss, 1998). Like
many submersed macrophytes, M. spicatum evolved thin, finely divided leaves to cope

with the stress of slow nutrient and gas exchange as well as poor light attenuation in

- - water (Sculthorpe, 1967; Wetzel, 1975). These structures, both alive and senescing,

‘promote the development of a symbiotic attached algal and microbial community (Wetzel

and Sondergaard, 1998; Bronmark and Vermaat, 1998). Okygen, carbon dioxide,
nitrogen, phosphates, and silica, along with organié compounds are secreted in small
quantities during the photosynthgsis process of living plant tissues, and are released in
much larger masses during senescent stages of the plant’s life cycle (Carpenter and
Lodge, 1978; Smith and Adams, 1986; Barko et al., 1991; Jackson et al., 1994). Released
nutrients contribute to eutrophication and deterioration of water quality by enhancing'the
growth of attached and planktonic algae (Carpenter, 1980; Craig and Adams, 1986; .
Jones, 1990). Landers (1982) demonstrated that autumn senescence of M. spicatum
contributed 18% of the total annual phosphorus in a P-limited reservoir in Indiana,
resulting in significant afgal blooms. Other studies used radiolabeled phosphorus to
demonstrate that submerged macrophytes, such as M. spicatum, obtain most 6f their
phosphorus from sediment, and serve as a source of phosphorus to lakes as they leak
nutrients during senescence (Cmignan and Kalff, 1982; Moeller et al., 1988; Wetzel, -
1996).

The majority of studies on nutrient cycling through M. spicatum have been
conducted in mesotrophic and eutrophic systems, leaving a paucity of researc;h in ultra-

oligotrophic systems, such as Lake Tahoe. The invasion of M. spicatum in Lake Tahoe is
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day photoperiods in two growth chambers to determine if senescing conditions (short

days) resulted in higher levels of 32p leakage compared to plants grown under long days.

Qutdoor sediment—plant microcosms and "'C phytoplankton bioassay
In a second set of microcosms (Fig. 2.2), we established M. spicatum and E.
canadensis in sediments outdoors at the time of natural senescence (Sei)tember 24-

October 27) under late summer photoperiods to test the hypothesis that macrophytes

- facilitate the release of nutriénts and stimulate phytoplankton productivity in Lake

Tahoe’s ultra-oligotrophic water. We hypothesized that M. spicatum and E. canadensis

could change the conditions of water in the microcosm tubes by leaking nutrients. By

- taking up nutrients from the sediments, and releasing some in the water column, plants

could increase the nutrient availability in the water column, thereby enhancing
phytoplankton growth and decreasing water quality (Landers, 1982; Barko and James,
1998). Specifically, we expected to see greater increases in nutrients and chlorophyll-a
in microcosm water that contained plants relative to control microcosms that contained
Sediment and lake water without plants. Due to the fast growth of the exotic weed, and
more frequent defoliation (personal observation), we expected nutrients and chlorophyll-
a differences to be more pronounced in the M. spicatum microcosms than in the
microcosms containing E. canadensis.

Furthermore, water from the outdoor microcosms was filtered and added to flasks
containing natural assemblages of phytoplankton in 1% and 10% concentrations. We
anticipated that filtered water from plant microcosms would enhahce natural

phytoplankton growth in a controlled bioassay relative to filtered water from control
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plants of similar size were rinsed with deionized water, and re-planted individually into
darkened mason jars (175 ml). The mason jars with plants were placed into 1.5-L (44 cm -

tall by 7.25 cm ID) clear Plexiglas microcosm tubes (Figure 2.3). Plant roots were fed

- through a small hole in the center of a rubber stopper lid for the mason jars in order to

separate the plént root compartment from plant shoots. We used 3M Imprint Il Vinyl

Polysiloxane Dental Impression Material to seal the space in the hole between the plant

~ stem and rubber stopper in order to prevent exchange of water between the root and shoot

compartments without damaging the plant stem. Plants were grown hydroponically in

- filtered lake water for 45 days. Root compartments of the mason jars held 135 ml of

filtered lake water with a 10 pCi addition of carrier free 32p_pO5*. Microcosm
treatments consisted of one plant per tube: M. spicatum (*P, n=10), E. canadensis (° 21_3,
n=9), M. spicatum (no 3 2P, n=10), an& ﬁltefed water (no plants, no 32p, n=6). There were
only 9 microcosms with E. canadensis due to a treatment error of double 32p dosage in
one microcosm. Ail microcosms were maintained under a 14-hour photoperiod for 6

days to allow plants to acclimate and acquire 32p_Each treatment was then split

‘randomly into two groups and assigned to separate growth chambers under long (14 hr)-

and short-day (10hr) photoperiods. Temperature and light levels were maintained
equally in both chambers at about 18°C and 275 pumol respectively. We used three

Super-Light Eco-saver compact fluorescent lamps (100 watt) per chamber.

Immediately after introduction of **P, water columns were stirred and 1-ml

‘ aliquots were sampled for liquid scintillation counting (Fig. 2.4). Additional sampling of

water columns was done 36 days of the 45-day experimental period (September 9, 1999

to October 20, 1999) to monitor leakage of 32p0;* from plant shoots during growth and
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Outdoor sediment-plant microcosms and e phytoplankton bioassay

We established microcosms of M. spicatum (n=5) and E. canadensis (n=5) in
clear, Plexiglas tubes (1.5 liters) using lake sediment from the Tahoe Keys and unfiltered
lake water from Sunnyside on September 24, 1999. We included two types of cohtrols
without plants: One control consisted of lake sediment and unfiltered lake water (n=5),
and the other was unfiltered lake water alone (n=4). Initial sediments and water were
sampled for chlorophyll-a and the following nutrient analyses: NO3-N, NH4-N, soluble
reactive phosphorus (SRP), total phosphorus (TP) aﬁd dissolved phosphorus (DP).
Microcosm tub'es'were maintained for five weeks outside of the Lake Tahoe Research
Group Laboratory under natural photoperiod and temperature regime. Tubgs were
anchored in a large pool of Water in randomized positions to buffer diurnal temperature
flux. The tubes rose just above the surface of pool water to prevent exchange between
treatments, and were covered with clear plastic bags that allowed air exchange, but
prevented contamination by dust, pollen and precipitation. Water temperature, dissolved
oxygen, pH, and light were measured six days after the start of the experiment in
individual tubes using Yellow Springs Instruments temperature and dissolved oxygen
probes and LiCor scalar irradiance (4 pi) sensor (Appendix 2.1a). Diel fluxes in
temperature were measured at the end of the experiment on 10/24/99 and 10/25/99
(Appendix 2.1b). Following a five-week growth period, sediments and water were
collected from individual microcosms for nutrient and chlorophyll-a analyses.

Samples of microcosm water columns were composited by treatment and filtered
through HA Millipore® membrane filters (0.45 £ 0.02 um pore size) for use in a bioassay

to test the responée of natural phytoplankton populations to filtered exudates from
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1968). On the final day of the experiment, we measured actual chlorophyll-a
concentrations in addition to in vivo fluorescence and MC-uptake radioacﬁvity on HA

Millipore membrane filters.

Decomposition

We collected M. spicatum and E. canadensis plants from the Tahoe Keys Cove
East Lagoon and rinsed them three times in tap water followed by deionized water to
remove epiphytes. Plants were grouped into piles of similar size, and excess water was
removed by blouing with a paper towel. We? measured wet weights of plants before

placing them in 2mm mesh bags. Mesh bags containing plants were placed into a 60°C

water bath for 1 minute to denature proteins and inhibit further plant growth. We were

careful to maintain the 60°C water bath temperature because plants may lose organic
compdunds at highef temperatures. Plants in mesh bags were returned to the Tahoe Keys
Cove East Lagoon, stapled tp the lake.bottom at a water depth of ~0.5m, and left to
deqompbse. All mesh bags were placed into the lake on September 23, 1999, a natural
time of senescence in the Tahoe Keys Cove rEast Lagoon. We harvested five mesh bags
of each plant species four times over the eleven-week decomposition period, which
extended into a freezing over of edges of the lagoon in December, 1999. Harvested bags
were rinsed thoroughly in tap water until water ran clear, followed by three rinses in
deionized water. We plucked remaining plant fragments from the mesh bags and placed
the contents into a drying oven at ~60°C. Dried contents of mesh bags Were weighed,
ground with a mortar and pestle, and analyzed for total carbon (%-C), nitrogen (%-N) and

phosphorus (%-P) nutrient analyses.

/
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Plant nutrient contents, Total Kjeldahl Nitrogen (TKN) and the relative
bioavailability of inorganic orthophosphate (Olsen-P) in lake sediments were determined

by the Division of Agriculture and Natural Resources (DANR) Analytical Laboratory at

UC Davis.  Methods for plant nutrient contents were identical to those described in

Chapter 1. The TKN of sediment was determined by the wet oxidation of soil organic
matter using the standard Kjeldahl procedure with sulfuric acid and digestion catalyst
(Isaac and Johnson, 1976; Carlson, 1978). The method for extractable phosphorus

followed that developed by Olsen et al. (1954), Olsen and Sommers (1982) except that

,ascorbic acid was substituted for stannous chloride.

Statistical Analyses
Cycling of 2p ‘in hydroponic aquatic plant microcosms

We calculated initial activities, 4, (1Ci), from the activities remaining, 4, after
time ¢ génerated through liquidj scintillation coun'ting, considering the 14.3 day half life of
32p over the course of the experiment (A, = A/e 1430 - Activities were converted to
disintegrations per minute (dpm) (1 pCi =2.2x106 dpm). We normalized activities in
plant tissues by dividing by dry weights of plants. In three instances, there was
insufficient plant material to get an accurate reading, thus these points were left out of the
analysis (Appendix 2.2).

We used a three-factor Analysis of Variance (ANOVA) with repeated measures.
and interactions to determine the effects of M. spicatum and E. canadensis under long-
and short-day photoperiods on 32p activities in microcosm water columns. We
determined **P release rates according to the slope of the lines for activity over time in

the water of microcosms o M. spicatum and E. canadensis. The same ANOVA model
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differences in NO;-N among treatments in the water of microcosms with and without
plants.

Using a two-way repeated measures ANOVA, We tested the effect of repeated
measurements in the bioassay flasks on in vivo and '*C-uptake responses of
phytoplankton growth. Simple 2-way ANOVA’s with (conservative) Bonferroni
pairwise comparisons determined differences in vivo and *C-uptake responses to
bioassay treatments over time.

Under the assumption that flasks had no effect on chlorophyll-a concentrations in
this experiment, one-way ANOVA was used to determine differences in the actual
chlorophyll-a concentrations on the final day of the bioassay due to the plant, sediment,
and control water treatments. Given that repeated measures of the in vivo chlorophyl_l-a.
growth response was not a signiﬁcant source of variation in the bioassay, this assﬁrnption
seems valid for actual chlorophyll-a response. Tukey-Kramer HSD and Bonferroni

pairwise comparisons revealed significant differences between specific treatment pairs.

Decomposi}ion

A In-transformation of the %-remaining response in a two-way ANOV A was
utilized to determine the effects of removal date and plant species on decomposition. We
assessed differences in %—C, %-N, 'and C/P-ratio of mesh bags according to removal date
and plant speéies without transformations using two-way ANOVA. In the same two-way
ANOVA model, we used /n-transformations of %?P, C/N, and C/P in order to ensure

normal distribution of residuals.
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The amount of **P activity remaining in the root compartments (mason jars) of the
microcosms differed by sampling date, plant species, and photoperiod (ANOVA,F =
28.90123,32, p<.0001) (Fig. 2.8, Table 2.2a). Accordmg to this ana1y31s 2p activity in the
hydroponic solutlon 1n root compartments was greater, on average, for- short-day
microcosms than long- day microcosms only on the mid-experiment sampling date,
September 15, 1999 (t=4.162, p = .0002) (Table 2.2b). The hydroponic solution in root
compartments with M. spicatum plants had higher levels of **P activity on average than
those of E. canadensis, implying that E. canadénsis took up more **P. However, this
diff(?rence was significant only on September 15, 1999 (Bonferroni, t=3.613, p = .0010).
The replicate, MS5 (long-days), was excluded from the analysis for October 20, 2000 due
to a sampling error on this date. Residuals of the model wére normally distributed
(Shapiro-Wilk, W =0.9631, p = .1704).

Figure 2.9 illustrates mean **P activities in the various biological and abiotic
microcosm compartments. >-P in the hydroponic solution of root compartments was by
far the dominant reservoir of **P activities on the final day of the experiment, and is
shown for comparison in Figure 2.10. Suspended particulate matter (SPM) in 20-ml of
water from microcosms was collected on filters prior to acid digestion. Biofilm (wall) on
side walls of the microcosms were also included in this analysjs. Plant parts of MS and
EC included roots, shoots, leaflets that had fallen off shoots prior to the final day, and
green-apical meristems (3-4cm). This budget also takes into account the extraction of 10-
ml of water containing activity from root compartments on 09/15/99. Microcosm EC2
and should be excluded from this figure, as it has been from the statistical analysis

because it received a double dose of **P activity at the beginning of the experiment. It
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Residﬁals of the model using thé [n-transformed dry weights were normally distributed
(Shapiro-Wilk, W =0.946, p = .3417). Final biomass of shoots, measured by dry weight,
were not affected by photoperiod. Because we did not measure initial biomass, we
cannot compare changes in productivity over the growth perioAd.

We found that root biomass differed by photoperiod, but not according to plant
species (F= 10.780 1,175 p =0.0044). Plant roots grown under long-day photoperiods had
a greater biomass than plant roots under the short-day treatment. Mean root biomass for
M. spicatum plants grown under long-days was (0.0094 + 0.0032 g) aﬁd (0.0019 + 0.0026
g) for short-day length planfs. For E. canadensis, mean root biomass for the long-day
photoperiod Was (0.0121 i 0.0087 g ), and (0.0342 =+ 0.0451 g) for the short-day
treatment. Residuals of the model using weighted regression and transformation
(transformation = In(dry weight +0.0001) were normally distributed (Shapiro-Wilk, W =
9190, p =.1120). Alfhough initial root biomass was not meaSured, plants of apparent
equal size and healfh had been chosen and rar;domly assigned to photopcriéd treatments.
The sample size (n=>5) was insufficient to distinguish effects of photoperiod on the
production (dry weight) of green apical meristems or in leaflets shed from shoots.

We constructed a budget of **P activity measured in the various biological and
abiotc components of the microcosms on October 20, 1999 to account for the flow of **P
from sealed root compartments over the 45-day experimental period (Fig. 2.10). This
budget suggests that by the final day of the experiment most of the P activity had
returned to the water of the root compartment. A fair amount of activity was also presént

in plant roots and green apical meristems.
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there was not enough replication to determine statistical differences. Mean DP

concentrations in treatments were: Initial lake water = 5.0 + 0.0 ppb, M. spicatum = 12.4

* 7.8 ppb, E. canadensis =7.8 5.2 ppb , sediment = 5.2 + 0.8 ppb , and lake water = 5.5

+1.9 ppb.

Similarly, NH4-N and SRP appeared to be on average higher in the water of

‘microcosms with M. spicatum (NH4-N= 12+ 8.6 ppb, SRP =4 1+ 1.2 ppb) and E.

canadensis (NH4-N= 19 +£40.3 ppb, SRP =3.8 + 03.5 ppb) than in cdntrol microcosms
with sediments (NHs-N= 6.2 & 10.5 ppb, SRP = 2.0 0.0 ppb ) and lake water (NH4-N=
83+14.6 ppb; SRP =23+ 0.5 ppb) (Figs. 2.16, 2.17). However, variation in nutrient
concentration within treatments was too. high to detect differences with the small sample
sizes (n=5) of this experiment.

Although sample sizes were too small to establish differences due to treatment in
TKN or Olsen-P iﬂ microcosm sediments after the 5-week growth period, patterns of
mean TKN between treatments support the hypothesis that sedimenté in plant
miérocosms would be depleted in nutrients relative to the no-plant controls. Mean values
for TKN and Olsen-P are given in Table 2 4. Individual measurementé of all nutrients
and chlorophyll-a are given in Appendix 2.4. |

In the six-day '*C bioassay using natural lake phytoplankton, in vivo chlorophyll-
a varied according treatments, da’Fes, and the interaction, treatment*date (ANOVA, F =
44.37729,51, p<.0001) (Table 2.5a). In vivo fluorescence incfeased over the six day period
in all flasks, but to the greatest extent in treatments of M. spicatum. (Fig. 2.18).

Residuals of the model were normally distributed (Shapiro-Wilk, W = 0.965, p = .1052).
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Actual chlorophyll-a concentrations measured on the final day of the bioassay
varied by treatment (ANOVA, F = 6.439,16, p = .0007). Residuals were normally
distributed (Shapiro-Wilk; W = 0.969, p = .6049). However, Tukey-Kramer HSD
pairwise comparison revealed that all the variation was due té the DI 1% treatment,
which yielded significantly lower chlorophyll-a concentrations than the other treatments.
‘When this parameter was removed from the analysis, data remained normally distributed
(Shapiro-Wilk, W =0.973, p = .7125), and bioassay treatments no longer had an effect on

actual chlorophyll-a concentrations (ANOVA, F = 2.172g,16, p = .0888).

Decomposition

The proportion of material remaining in mesh bags after decomposition differed
based on the date of removal from the lake, plant species, and the interaction between
these two factors (ANOVA, F = 34.3259,37, p<.0001) (Table 2.7a). There was a general
decrease in the amount of material remaining in mesh bags over time, and bags

containing E. canadensis lost on average, 8% more material than bags containing M.

- spicatum (Table 2.7b). We fit exponential decay curves to the data for % remaining after

decomposition and found that the decay constant for E. canadensis (r = 0.0275) was
greater than M. spicatum (r = 0.0109). (Fig. 2.20). Decomposition of E. caﬁadensis (R*=
98%) followed an exponential decay pattern more closely than M. spicatum (R = 94%).
Individual dry weights of mesh bags containing M. spicatum and E. canadensis. are given
in Appendix 2.5. With a In-transformation, residuals of the model were normally

distributed (Shapiro-Wilk, W=.9596, p=.1704).
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all dates after the control subset (September 23, 1999), as indicated by negative
parameter estimates for all dates (Table 2.10b). This difference was marginally
significant on November 17, 1999 (p=.0712). Although as a main effect, plant species
was not significant as a main effect, the total %P was differen£ in M. spicatum vs. E.

- canadensis on particular dates of harvest. In the initial control mesh bags, phosphorus
was significantly greater in E. canadensis than M. spicati;m, and marginally so after 2
weeks of decomposition (p =.0780). Data weré In-transformed so that residuals met the
normal distribution réquirement of ANOVA (Shapiro-Wilk, W=.9931, p=.9973).

Mean C/N ratios were 14.78 * 0.79 for M. spicatum and 17.27 +1.39 for E.
canadensis at the start of the-decomposition experiment. During the 11-week
decomposition period, the C/N ratio differed in decomposition bags according to the date
of removal and plant species (F = 11.316s,4;, p<.0001) (Fig. 2.22, Table 2.11a). On
.average, C/N was greater by 0.09 in bags containing E. canadensis than M. spicatum
(Table 2.11b). The C/N ratio was lower in bags after 1 month (October 23, 1999) and 2
months (November 17, 1999) than the original control groups (September 23, 1999), but
was higher at the end of the 11-week decomposition period (December 5, 1999). Natural
log-transformed data were normally distributed (Shapiro-Wilk, W=.995, p=.1122).

Initial C/P ratios of M. spicatum and E. canadensis were 157.63 £48.06 and
97.60 + 10.48 respectively. During the course of the experiment, C/P ratios of mesh bag

contents were affected by removal date and the interaction of date and plant species

(ANOVA, F=15.5014,37, p<.0001) (Fig. 2.22). C/P ratios increased with time across all

removal dates. Data were /n-transformed and residuals of the model were normally
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Sepfember 15, 1999, suggesting greater uptake of **P by E. canadensis plants (Fig. 2.4).

The greater biomass of E. canadensis photosynthetic shoots also implies a greater

demand for uptake of **P relative to M. spicatum (Table 2.4). Despite the greater

capacity of E. canadensis to acquire 32p inits tissues, release of 2P into the water

columns was nine times as great in microcosms with M. spicatum than microcosms with

5 ¢

E. canadensis (F 1g%3) Acquisition of 2P by suspended phytoplankton,

bacterioplankton and detritus (SPM) also appeared to be greater in microcosms

R

containing M. spicatum than E. canadensis (Figure 2s6). These results suggest that

regardless of photoperiod, the invasive macrophyte, M. spicatum, releases phosphorus

~ into the water column during growth and senescence to a greater extent than the native

plant, E. canadensis, thereby contributing to a decrease in Lake Tahoe water quality. %
The intent of long- and short-day photoperiods was to induce senescence in plants
under short-daylengths; however, plants of both species showed signs of senescence
equally in both treatments (Figures photographs a-d). Thus, photoperiod did not appear
to effect differences in senescence or in the amount of *2P leaked by M. spicatum and E.
canadensis into microcosm water columns. It is possible that a more intense senescence
of plants under short photoperiods would have occurred if we reduced temperatures in
that growth chamber. Although the final biomasses of shoots did not differ Between
photoperiod treatments, we cannot draw conclusions about differences in productivity
during the experimental period because we did not make initial biomass measurements.
Because phosphorus leakage from M. spicatum was concurrent with senescence
of some plant shoots, we were unable to distinguish between **P released from senescent

shoots vs. healthy shoots. However, in a similar experiment isolating roots and shoots,

4
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exalbescens, and Smith ahd Adams (1986) determined that shoot turnover was
responsible for the release 0f 2.8 g P m> yr'1 in Lake Wingra. It is also possible that
higher levels of *?P released to water in M. spicatum microcosms was related to higher
levels of defoliation by this species than by E. canadensis. Nét enough leaf iitter was
produced by E. canadensis in this study to obtain dry weights or **P activity data. More
intense defoliation by M. spicatum than E. canadensis is evident by numerous shed
leaflets in Figures 2.5a and 2.5b.

Carignan and Kalff (1982) found that epiphytes on plant tissues derived only 3.4-
9.0% of their YP from M. spicatum grown in situ. Due to the adhesive nature of epiphytes
a\n'd biofilm on plant tissues, it was not possible to achieve separate measurements of >2P
in these biological compartments of this microcosm study. However, the low counts of
32p in suspended particulate matter and biofilm growing on the Plexiglas microcosm
walls (Table 2.3) suggests that small amounts of leaked 2P may have been absorbed by
epiphytes and phytoplankton. |

The fact that the total activity presented in the budget on October 20, 1999 falls
short of the original activity introduced td the sealed root compartments on September 4,
1999 may be explained by a minor loss of activity in the daily 1-ml sampling regime of
.the water column. Other discrepancies may be due to tiny plant fragments in the root
compartment and water column that we could not easily collect at the end of the
experiment. Finally, a substantial biofilm that contained 32p activity (data not presented)
had collected on the surfaces of the rubber root seals. Unfortunately, these stoppers were

not rigorously sampled for this analysis.




Given that there were no differences in actual chlorophyll-a concentrations among

the bioassay treatments on the final day of the experiment, this phytoplankton growth L
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response does not appear to be as sensitive to the plant, sediment, and control water

treatments as the in vivo fluorescence and *C-uptake responses of phytoplankton growth.

Decomposition.

In their study of decomposition among six aquatic plants, Twilley et al. (1986)
determined that decomposition rates were directly proportional to the initial nitrogen
content in plant tissues. In this on study we found that decay of E. canadensis occurred
faster than M. spicatum, despite higher concentrations of nitrogen in M. spicatum. Initial
N and P in plants taken from the Tahoe Keys for the decomposition experiment M.
spicatum =2.78% N, 0.28% P; E. canadensis = 2.09% N, 0.37%P) were greater than the

minimum tissue content of 1.3% N and 0.13% P associated with maximum growth of

aquatic plants suggested by Gerloff and Krombholz (1966). These values were similar to

those of Myriophyllum spp. collected from the highly fertile Lake Mendota were 2.63%N
and 0.38% P (Gerloff and Krombholz, 196‘6)., and imply that decomposition should not
have been limited by either element (Nichols and Keeney, 1973).

Graneli and Solander (1988) claim that relative reéistance of litter to
decomposition results from high structural carbohydrate content and low nutrient content.
We propose, however, that production of antimetabolites in macrophytes may also
influence rates of decomposition. Gross et al. 1996 isolated algaecidal, hydrolysable
polyphenols from M. spicatum that inhibited the growth of phytoplankton and reduced

competition for light. It is possible that high concentrations of phenolic compounds,
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bag contents in the decomposition experiment suggest that C/N was greater in decay
rﬁaterials of E. canadensis than M. spicatum. Since E. canadensis decomposed faster
than M. spicatum, we would have expected lower C/N in the contents of E, canadensis
mesh bags. "Similarly, C/P ratios were lower in the contents of mesh bags containing M.
spicatum than those with E. canadensis. Either more microbes with lower C/P ratios
colonized mesh bags with M. spicatum, or phosphorus was more readily lost from mesh
bags containing E. canadensis. We propose that althoﬁgh M. spicatum has higher N and
P concentrations, and therefore is more nutritious, it decomposes less readily because it
may produce more secondary compounds than E. canadensis.

The C/N ratio was lower in decay materials after 1 month (October 23, 1999) and
2 months (November 17, 1999) than the original control groups (September 23, 1999),
but was higher at the end of the 11-week decomposition period (December 5., 1999).
This seems contrary to our expectation that C/N would decrease over time as mesh bags
are colonized by decomposers with lower C/N ratios. We found that C/P ratios in mesh
bags also increased with time across all removal dateé, contradicting the expectation that
colqnization of mesh bags by decomposers with lower C/P ratios would cause a net
decrease in C/P ratios of mesh bags over time.

Despit¢ the abundant nitrogen contents of plants (M. spicatum = 2.78% N, E.
canadensis = 2.09% N), low N/P ratios of 10.66 for M. spicatum and 5.69 for E.
canadensis suggest, nitrogen would be a more limiting element to plant growth than
phosphorus. Results of this study suggest that on average the N/P ratios were greater in
bags containing M. spicatum than in bags with E. canadensis, implying that either M.

spicatum was enriched in N or depleted in P relative to E. canadensis . In general, the
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macrophytes at Lake Tahoe. Again, stable isotopes and radioactive tracers could help
distinguish pathways of nutrient cycling in this complex system of decomposition.
Because metabolic activity and the availability of nutrients are tightly coupled to
temperature and redox conditions in sediment and water (N ichols and Keeney, 1973,
Schlesinger, 1997), future studies in the Tahoe Keys and other Lake Tahoe sites should
consider these parameters as well. Analysis of plant tissues for antimetabolites, together
with microbial bioassays, may explain differénces in decomposition between M. spicatum

and E. canadensis.

Conclusions
In summary, more phosphorus than nitrogen was released from decomposing
macrophytes in the decomposition study. Despite higher N concentrations in M.

spicatum, E. canadensis decomposed faster in the fall of 1999. Based on previous studies

[

of antimetabolite production by M. spicatum (Gross,-1995; Gross et al., 1996), we
proposé that M. spicatum may contain higher levels of secondary compounds that deter
decay by microbes.

Results of the **P hydroponic plant microcosms, sediment-plant microcosms and
1C bioassay seem to concur. More 2P was leaked from M. spicatum shoots than from E.
canadensis in growing and senescing plants. Rorslett et al. (1986) reported that no major
nutrient enrichment of lake water occurred in Lake Steinsfjord, Norway, as a result of an
E. canadensis invasion, except during a few short-term die-back periods. Most of the
phosphorus taken up by E. canadensis is internally cycled between generations (Graneli

and Solander, 1988). It is possible, that physiologically, E. canadensis internally cycles
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& Tahoe. Bottom: Mechanical harvesting of Myriophyllum .
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Figure 1.3. Fragments of Myriophyllum spicatum floatin g in Meeks Bay Marina represent the
vegetative reproductive process, autofragmentation, which facilitates the spread of this species.
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spicatum at Lake Tahoe. and lies between Pope Marsh and the Upper Truckee River delta.
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Figure 1.14. Changes in mean density of M. spicatum at four Lake Tahoe lqcétions
over Summer 1999: Crystal Bay Marina (CS), Emerald Bay (EB), Obexer’s Marina (OBX),
and Meeks Bay Marina (MKS). Differences by site, date, and sampling point along -
transects were significant (F = 27.964s3,104, p<.0001). Data were transformed in
statistical analysis to meet ANOVA assumptions of normality, but are presented in raw

form here.
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~ from July 7, 1999 to September 27, 1999, dxsplacmg other native macrophytes. By
" November 5 1999 the percent cover of M. splcatum decreased and that of native plants

mcreased
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Figure 1.17a. Net primary productivity (NPP- mean biomass) of M. spicatum increaesd
from July 7, 1999 through September 27, 1999. It decreased slightly by November 5,

- 1999. Plant biomass was greater, on average, at Crystal Bay marina than at the other

sites. Differences biomass of roots and shoots were significart according to survey site
and date (ANOVA, F = 13.048,4,121, p<.0001). On the August sampling date, Meeks Bay
had six sampling points (n=6), and on the September date it had only three (n=3).
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Figure 1.18a. Total %-C of M. spicatum plants varied according to the Site*Date
interaction and root and shoot plant parts, and the-3-way interaction of

Site*Date*root/shoot (F = 11 44354,412, p<.0001 ). Carbon seems to increase slightly over

the summer at all four sites. Shoot carbon is slightly higher than root carbon except at
Obexer's Marina. Missing points are the result of madequate plant biomass for nufrient

analyses.
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Figure 1.18c. Total %-P of M. spicatum plants varied according to the site*date
interaction and root and shoot plant parts (F = 3.48345,110, P<- .0001). For P, roots are
always higher than shoots. There is no obvious frend in % P data any of the sites over the
summer, except, at Meeks Bay where P appears to have decreased with time. Missing
points are the result of inadequate plant biomass for nutrient analyses.
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Figure 1.19b. Ratios of CIP in M. spicatum plants varied by Site*Date concatenations

“and root vs. shoot plant parts (ANOVA, F = 3.48,5,110, P<.0001). C/P appears to

inCrgaase until September 27, 1999, and then by Novemiber 5, 1999, the C/P ratio has
fallen substantially. This means that by the end of the summer roots and shoots have

become more P rich. In all cases, shoots have a lower C/P ratio, suggesting that they are

more P rich than roots. Missing points are the result of inadequate plant biomass for

nutrient analyses.
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Flgure 1.20. Mean chlorophyll-a in Iake water on four dates in Summer 1999 in areas
with (p) and wtihout plants (x) from the Tahoe Keys (TK) and four lake survey sites:

Crystal Bay Marina (CS), Emerald Bay (EB), Meeks Bay. Marina (MKS), and Obexers
Marina (OBX). The ranking of chlorophyll-a in an extension of Kruskall-Wallrs differed

" according to survey date, site, and the presence or absence of M. spicatum plants at

sites (F = 8.972p3,135, p<.0001 ).
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Figure 1.24. Total Kjeldahl nitrogen (TKN) in sediments supporting M. spicatum plants
(p) and sediments without plants (x) at four Lake Tahoe survey sites: Crystal Bay Marina
(CS), Emerald Bay (EB), Meeks Bay Marina (MKS), and Obexer's Marina (OBX). Mean
TKN from the Tahoe Keys East Cove Lagoon (TK), the largest source of M. spicatum at
Lake Tahoe, are given for two survey dates as well. Despite the high variablility in TKN
(standard error bars), differences due to date, site, and p/x were significant (ANOVA, F =

8.749.0,51, P<.0001). Data were In-transformed for statistical analyses, but are presented

without transformation in this figure.
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Figure 1.27. Dissolved phosphorus (DP) varied according to site, date, and the presence

Cor absence of plants (p/x) at four Lake Tahoe sites (ANOVA, F= 6.702; 56, <.0001).

Dissolved phosphorus decreased in sediments over time from August 31, 1999 to
November 5, 1999, but differences were not due to the presence or absence of plants.
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Figure 1.29. Concentrations of NO;-N varied according to site, date, and the presence or

absence of plants (p/x) at four Lake Tahoe sites in summel_' 1999 (ANOVA, F =3.469; ¢4,
<.0001). There were no consistant patterns of NO4-N in areas of plants and no plants,
and among sites, NO4-N was lowest in sediment at Crystal Bay Marina.
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Figure 1.30. Mean survivorship of M. spicatum plants grown for 9 weeks under treaiment
combinations of transplant site, source of M. spicatum, and source of sedimentin
transplant buckets ‘Reciprocal transplant sites and sources of sediment included the
.Tahoe Keys Cove East Lagoon (TK), Meeks Bay Marina (MKS), Boatworks Marina (BW)
‘and Caspian Pomt (RKS) Sites that .do not currently have M..spicatum populations BW
and RKS. Mynophyllum splcatum plants Used in this expenment were originally from -

.. -either TK or MKS. Myriophyllum spicatum grew successfully at all of the transplant sites
except whére there was extreme wave action outside of BW.
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‘and Caspian Point (RKS). ‘

L I

Vi T

Figure 1.31. Mean plant height of M. spicatum plants grown for S weeks under treatment
combinations of transplant site, source of M. spicatum, and source of sediment i in
transplant buckets. Remprocal transplant sites and sources of sediment included the
Tahoe Keys.Cove East Lagoon (TK), Meeks Bay Marina (MKS), Boatworks Marina (BW),
jtes that do nhot currenﬂy have M. spicatum populations BW
and RKS. Mynophyllum splcatum plants used in this expenment were originally from

-'i."elther TK or MKS. Myr/ophyllum splcatum grew successfully at all of the transplant sites

)ctlon outside of BW. It should be noted that not
s for height response variable. Plant heights were

f‘.:-averaged ameng the plants that survived in transplant b kets Zero's associated with
non- -survivors have been omltted from thlS analysns o
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Figure 1.32a._ Initial nitrogen concentrations were highef in M. spicatum from the Tahoe
Keys (TK) than in plants from Meeks Bay (MKS) (ANOVA, F = 9.162,,,, p =.0389).
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Figure 1.32b. Initial phosphorus concentrations were higher in M. spicatum from the

Tahoe Keys (TK) than in plants from Meeks Bay (MKS) (ANOVA, F = 96.022,,,,p =

.0006).
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Figure 1.33a. NUtrients (NH,-N, NOz-N, SRP, DP, and TP ) in lake water collected on

h August 21, 1999 from transplant sites: Kaspian Point (RKS), Tahoe Keys Cove East’

Lagoon (TK), Boatworks Marina (BWnw), and Meeks Bay (MKS). Nutrients.. -
concentrations are highly variable (standard error bars), but appear to be highest at the -

T Tahoe Keys for all nutrients except NOz-N.
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Figure 1.33c. Nutrients (TKN and Olsen-P), organic matter (TOC), and particle size
distributions of transplant sediments collected and dried on August 21, 1999 from
transplant sites: Kaspian Point (RKS), Tahoe Keys Cove East Lagoon (TK), Boatworks
‘Marina (BWnw), and Meeks Bay (MKS). Sediment from Boatworks Marina appears to
have been the most different. It had the highest TKN, Olsen-P and TOC, and the widest
distribution of sand, silt and clay. Other sites had lower nutrient contents and were
composed primarily of sand. ' ‘
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fomy

Figure 2.2. Outdoor sediment-plant microcosms to assess nufrient release from sen
macrophytes, Myriophylium spicatum and Elodea canadensis, as well as phytoplan
chlorophyll-a response.
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Figure 2.7. **P detected in watér columns of M. spicatiim (MS) ‘and E, canadensis (EC)
under long and short-day photopetiods as a percent of the original amount present in
sealed root compartments. The pattern of results is the same as in Figure 2.6. 2P
activities are higher in MS microcosms over the 45-day experimental period than in EC
microcosms. :
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Figure 2.9. 32P activity in biological components of M. splcatum (MS) and E. canadensis
(EC) ricrocosms at the end of the expenment chrocosms 1 -5 represent Iong—day
treatments for both plant species arid microcosms 6-10 had short day treatments
Suspended particulate matter (SPM) in 20-ml of water from microcosms was collected on
filters prior to acid digestion. Biofiim (wall) on side walls of the microcosms were also
included in this analysis. Plant parts of MS and EC included roots, shoots, leaflets that had
fallen off shoots prior to the final day, and green-apital meristems (3-4ecm). Microcosm
EC2 has been excluded because it received a double dose of *’P activity at the beginning

of the expenment Among blologlcal components most of the P was detected in plant

* roots.
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Figure 2.11. Mean *p activity of suspended particulate matter (SPM) in water columns of
M. spicatum (MS) and E. canadensis (EC) under long and short-day photoperiods. Large
error bars (standard- dewatxons) represent high variability within treatments. A one-way

- ANOVA with marginal significance confirms that specific activities in SPM of MS
microcosms were greater than those in EC microcosms (F = 3.641 4,45, p = .0725).
Specific activities of SPM were not different due to photoperiod in this experiment.
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Initial MS+sed  EC+sed Sed - H20
Treatment

Figure-2.14. Mean NOa-N concentrations in water columns ofin plant-sedlment
microcosms. On average, NO3-N concentrations were gréater in microcosms contalnmg
M. splcatum (MS) and in the initial unfiltered water from Sunnyside than in microcosms

‘with E. canadensis (EC) and controls of sediment (Sed) and lake water (H20) (Kruskall—

Wallis, Chi?= 13. 2314, p<.0102).

25 — —
: Dissolved phosphorus (DP)

nitial MS + sed EC + sed Sed H20
- Treatment

Figure 2. 15 Mean DP concentrations in water columns of plant-sediment microcosms.
Dissolved phosphorus (DP) concentrations appear to be greater in in microcosms -
containing M. spicatum (MS) than E. canadensis (EC) and controls of sediment (Sed)
and lake water (H20), but differences are were not significant. .
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Figure ! 2 18. Changes in in vivo fluorescence of natural phytoplankton populatrons in
broassay flasks ¢ over six days Treatments refer o 1% and 10% concentrations of
exudates filtered from microcosms contarmng M. splcatum (MS), E. canadensis (EC),
sediment without plants, and Iake water without sedrments and plants. A third control in
the bloassay was deronrzed water at 1% and 10% concentratlons in broassay flasks. In
vivo fluorescence mcreased over the six day period in all flasks, but to the greatest extent
in treatments of M splcatum
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Decomposition
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Figure 2.20. Decomposition of M. spicatum and E. canadensis at the Tahoe Keys Cove
East Lagoon in Fall, 1999. Percent remaining is based on the dry weight (g) of plant
remains in mesh bags after a period of decomposition, calculated from an initial wet -
weight:dry weight ratio. Error bars are small, and represent standard deviations. The linear
fits on the In(%-remaining) figure revealed that the decay constants for E. canadensis. (r =
-0. 0275) was greater than that for M. spicatum (r =-0.109), and that that decomposition of

E canadensm (R2 0.98) followed an exponentlal decay pattern better than M. spicatum
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Figure 2.22. Nutrient raios in contents of M. spicatum and E. canadensis mesh bags
after decomposition. All mesh bags were placed in the Tahoe Keys Cove East Lagoon on
September 23, 1999, and dates in this figure indicate when bags were harvested from'
decomposition. Error bars represent standard dewatlons
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Table 1.2. Mean height of M. spicafum changed according a three-factor
ANOVA with interaction and nesting of site, date and the repeated
measurement of points along survey transects at four Lake Tahoe locations in
Summer 1999. We found significant effects of these factors on plant helght

(ANOVA, F=11.27754,277, p<.0001)

Source

F Ratio .

P

DF ]
Date 3 9.1 <0.0001
Site 3 61.88  <0.0001
Date*Site 9 10.84  <0.0001
Point(Site) 36 735  <0.0001
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‘Reciprocal Transplant |

| Tahoe Ke;s ______Meeks Bay Marina
Tahoe Keys | Boatworks Marina
N . _
Tahoe Keys Caspian Point
<
""""""""""" M. spicatum
Sediment |-

Figure 1.11. Experimental scheme for reciprocal transplant Myriophyllum spicatum from the
~ ‘Tahoe Keys and Meeks Bay Marina were grown under various combmatlons of s1te and
sedu‘nent source in plastic containers for nine weeks.
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Figure 1.14. Changes in mean density of M. spicatum at four Lake Tahoe locations
over Summer 1999: Crystal Bay Marina (CS), Emerald Bay (EB), Obexer’s Marina (OBX),
and Meeks Bay Marina (MKS). Differences by site, date, and sampling point along -
transects were significant (F = 27.964s3,104, p<.0001). Data were transformed in

statistical analysis to meet ANOVA assumptions of normality, but are presented in raw
form here. '
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Figure 1.16a. The estimated percent cover of M. spicatum’at Emeraid Bay increased
from July 7, 1999 to September 27, 1899, displacing other native macrophytes. By

increased.

" November 5, 1999 the percent cover of M. spicatum decreased and that of native plants
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Figure 1.17a. Net primary productivity (NPP- mean biomass) of M. spicatum increaesd
from July 7, 1999 through September 27, 1999. It decreased slightly by November 5,
1999. Plant biomass was greater, on average, at Crystal Bay marina than at the other
sites. Differences biomass of roots and shoots were significarit according to survey site
and date (ANOVA, F = 13.048,4,121, p<.0001). On the August sampling date, Meeks Bay
had six sampling points (n=6), and on the September date it had only three (n=3).

109



i
R

S

50

Carbon

—M

40

»

F

v

30

20

% Carbon

—&—root
—i—shoots

Crystal Bay Marina

10

50

Emerald Bay

40 ——F=

% Carbon

Meeks Bay Marina

=F;

= |

% Carbon

Obexer's Marina

j

—

07/07/99

08/31/99

09/27/99

11/05/99

Figure 1.18a. Total %-C of M. spicatum plants varied according to the Site*Date
interaction and root and shoot plant parts, and the 3-way interaction of

Site*Date*root/shoot (F = 11.443,,112, P<.0001 ). Carbon seems to increase slightly over
the summer at all four sites. Shoot carbon is slightly higher than root carbon except at
Obexer's Marina. Missing points are the result of inadequate plant biomass for nutrient

analyses.
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Figure 1.18c. Total %-P of M. spicatum plants varied according to the site*date
interaction and root and shoot plant parts (F = 3.483,s,110, P<.0001). For P, roots are
always higher than shoots. There is no obvious trend in % P data any of the sites over the
summer, except, at Meeks Bay where P appears to have decreased with time. Missing

[ points are the result of inadequate plant biomass for nutrient analyses.
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Figure 1.19b. Ratios of C/P in M. spicatum plants varied by Site*Date concatenations
and root vs. shoot plant parts (ANOVA, F = 3.4845,410, P<.0001). C/P appears to
increase until September 27, 1999, and then by November 5, 1999, the C/P ratio has
fallen substantially. This means that by the end of the summer roots and shoots have
become more P rich. In all cases, shoots have a lower C/P ratio, suggesting that they are
more P rich than roots. Missing points are the result of inadequate plant biomass for
nutrient analyses.
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Figure 1.20. Mean chlorophyll-a in lake water on four dates in Summer 1999 in areas
with (p) and wtihout plants (x) from the Tahoe Keys (TK) and four lake survey sites:

Crystal Bay Marina (CS), Emerald Bay (EB), Meeks Bay Marina (MKS), and Obexer’s
Marina (OBX). The ranking of chlorophyll-a in an extension of Kruskall-Wallis differed
according to survey date, site, and the presence or absence of M. spicatum plants at
sites (F = 8.9723,135, p<.0001 ).
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N Figure 1.22. Particle size distrisbution of sediment from the Tahoe Keys East Cove
- Lagoon (TK), and four lake survey sites: Crystal Bay Marina (CS), Emerald Bay (EB)

v Meeks Bay Marina (MKS), and Obexer's Marina (OBX). Because sample sizes were
small (n=2 or 3), we did not detect differences in particle size according to site, date, or
the presence or absence of plants. :
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Figure 1.24. Total Kjeldahl nitrogen (TKN) in sediments supporting M. spicatum plants
(p) and sediments without plants (x) at four Lake Tahoe survey sites: Crystal Bay Marina
(CS), Emerald Bay (EB), Meeks Bay Marina (MKS), and Obexer's Marina (OBX). Mean
TKN from the Tahoe Keys East Cove Lagoon (TK), the largest source of M. spicatum at
Lake Tahoe, are given for two survey dates as well. Despite the high variablility in TKN
(standard error bars), differences due to date, site, and p/x were significant (ANOVA, F =
8.749,0,51, P<.0001). Data were In -transformed for statistical analyses, but are presented

without transformation in this figure.
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Figure 1.26a. Soluble reactive phosphorus (SRP) varied according to site, date, and the
{ presence or absence of plants (p/x) at four Lake Tahoe sites in summer 1999 (ANOVA, F
= 7.387 52,64, <.0001). In general, SRP was low and highly variable.
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_ Figure 1.27. Dissolved phosphorus (DP) varied according to site, date, and the presence

or absence of plants (p/x) at four Lake Tahoe sites (ANOVA, F = 6.702g 56, <.0001).
Dissolved phosphorus decreased in sediments over time from August 31, 1999 to
November 5, 1999, but differences were not due to the presence or absence of plants.
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Figure 1.29. Concentrations of NO,-N varied according to site, date, and the presence or
absence of plants (p/x) at four Lake Tahoe sites in summer 1999 (ANOVA, F = 3.469, 4,
<.0001). There were no consistant patterns of NOg-N in areas of plants and no plants,
and among sites, NO5-N was lowest in sediment at Crystal Bay Marina.
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Figure 1.30. Mean survivorship of M. spicatum plants grown for 9 weeks under treatment

combinations of transplant site, source of M. spicatum, and source of sediment in

3 transplant buckets. Reciprocal transplant sites and sources of sediment included the

Tahoe Keys Cove East Lagoon (TK), Meeks Bay Marina (MKS), Boatworks Marina (BW),

and Caspian Point (RKS). Sites that do not currently have M. spicatum populations BW

and RKS. Myriophyllum spicatum plants used in this experiment were originally from

RN either TK or MKS. Myriophyllum spicatum grew successfully at all of the transplant sites
except where there was extreme wave action outside of BW.
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Figure 1.31. Mean plant height of M. spicatum plants grown for 9 weeks under treatment
combinations of transplant site, source of M. spicatum, and source of sediment in
3 . transplant buckets. Reciprocal transplant sites and sources of sediment included the
Tahoe Keys Cove East Lagoon (TK), Meeks Bay Marina (MKS), Boatworks Marina (BW),
and Caspian Point (RKS). Sites that do not currently have M. spicatum populations BW
" and RKS. Myriophyllum spicatum plants used in this experiment were originally from
either TK or MKS. Myriophyllum spicatum grew successfully at all of the transplant sites
except where there was extreme wave action outside of BW. It should be noted that not
all treatments had same number of reps for height response variable. Plant heights were
averaged among the plants that survived in transplant buckets. Zero's associated with
non-survivors have been omitted from this analysis.

—
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? . 35
Initial nitrogen

% N

B —

1 MKS TK

Source of M. spicatum

! Figure 1.32a. Initial nitrogen concentrations were higher in M. spicatum from the Tahoe
Keys (TK) than in plants from Meeks Bay (MKS) (ANOVA, F = 9.162,,,4, p = .0389).

0.6

Initial phosphorus

-0.5

0.1 1

0.0 -

Source of M. spicatum

; Figure 1.32b. Initial phosphorus concentrations were higher in M. spicatum from the
] Tahoe Keys (TK) than in plants from Meeks Bay (MKS) (ANOVA, F = 96.022,,4, p =

.0006).
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i Figure 1.33a. Nutrients (NH,-N, NOs-N, SRP, DP, and TP ) in lake water collected on

August 21, 1999 from transplant sites: Kaspian Point (RKS), Tahoe Keys Cove East’

Lagoon (TK), Boatworks Marina (BWnw), and Meeks Bay (MKS). Nutrients

I concentrations are highly variable (standard error bars), but appear to be highest at the
Tahoe Keys for all nutrients except NOg-N.
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Figure 1.33c. Nutrients (TKN and Olsen-P), organic matter (T OC), and particle size
distributions of transplant sediments collected and dried on August 21, 1999 from
transplant sites: Kaspian Point (RKS), Tahoe Keys Cove East Lagoon (TK), Boatworks
Marina (BWnw), and Meeks Bay (MKS). Sediment from Boatworks Marina appears to
have been the most different. It had the highest TKN, Olsen-P and TOC, and the widest
distribution of sand, silt and clay. Other sites had lower nutrient contents and were

composed primarily of sand.
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0.5

—&—EC long (n=4)

0.45 —i—EC short (n=5)

~%--MS long (n=5)
>%—MS short (n=5)
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Figure 2.7. ®P detected in water columns of M. spicatum (MS) and E. canadenéis (EC)
under long and short-day photoperiods as a percent of the original amount present in
] : sealed root compartments. The pattern of results is the same as in Figure 2.6. %P

-activities are higher in MS microcosms over the 45-day experimental period than in EC
microcosms. :
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Figure 2.9. *P activity in biological components of M. spicatum (MS) and E. canadensis
(EC) microcosms at the end of the experiment. Microcosms 1-5 represent long-day
treatments for both plant species and microcosms 6-10 had short-day treatments.
Suspended particulate matter (SPM) in 20-ml of water from microcosms was collected on
filters prior to acid digestion. Biofilm (wall) on side walls of the microcosms were also

] included in this analysis. Plant parts of MS and EC included roots, shoots, leaflets that had
fallen off shoots prior to the final day, and green-apical meristems (3-4cm). Microcosm

: EC2 has been excluded because it received a double dose of *P activity at the beginning
] of the experiment. Among biological components, most of the 2P was detected in plant

o " roots.
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Figure 2.11. Mean *p activity of suspended particulate matter (SPM) in water columns of
M. spicatum (MS) and E. canadensis (EC) under long and short-day photoperiods. Large
error bars (standard deviations) represent high variability within treatments. A one-way
ANOVA with marginal significance confirms that specific activities in SPM of MS
microcosms were greater than those in EC microcosms (F = 3.641 118, P = .0725).
Specific activities of SPM were not different due to photoperiod in this experiment.
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Initial MS + sed EC + sed Sed H20
Treatment

Figure 2.14. Mean NO4-N concentrations in water columns of in plant-sediment
microcosms. On average, NO3-N concentrations were greater in microcosms containing
M. spicatum (MS) and in the initial unfiltered water from Sunnyside than in microcosms
with E. canadensis (EC) and controls of sediment (Sed) and lake water (H20) (Kruskall-
Wallis, Chi®= 13.231,, p<.0102).

25 _
ol | Dissolved phosphorus (DP)
_15
=]
Q.
o
~10
5
0 T :
Initial MS + sed EC+sed Sed H20
Treatment

Figure 2.15. Mean DP concentrations in water columns of plant-sediment microcosms.
Dissolved phosphorus (DP) concentrations appear to be greater in in microcosms
containing M. spicatum (MS) than E. canadensis (EC) and controls of sediment (Sed)
and lake water (H20), but differences are were not significant.
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Figure 2.18. Changes in in vivo fluorescence of natural phytoplankton populations in
bioassay flasks over six days. Treatments refer to 1% and 10% concentrations of
exudates filtered from microcosms containing M. sp:catum (MS), E. canadensis (EC),
sediment without plants, and lake water without sediments and plants. A third control in
the bioassay was deionized water at 1% and 10% concentrations in bioassay flasks. In

vivo fluorescence increased over the six day period in all flasks, but to the greatest extent
in treatments of M. spicatum.
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Figure 2.20. Decomposition of M. spicatum and E. canadensis at the Tahoe Keys Cove
East Lagoon in Fall, 1999. Percent remaining is based on the dry weight (g) of plant
remains in mesh bags after a period of decomposition, calculated from an initial wet
weight:dry weight ratio. Error bars are small, and represent standard deviations. The linear
fits on the In(%-remaining) figure revealed that the decay constants for E. canadensis (r =
-0.0275) was greater than that for M. spicatum (r = -0.109), and that that decomposition of

E. canadensis (R? = 0.98) followed an exponential decay pattern better than M. spicatum
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Figure 2.22. Nutrient raios in contents of M. spicatum and E. canadensis mesh bags
after decomposition. All mesh bags were placed in the Tahoe Keys Cove East Lagoon on
September 23, 1999, and dates in this figure indicate when bags were harvested from
decomposition. Error bars represent standard deviations.
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Table 1.2. Mean height of M. spicatum changed according a three-factor

li ANOVA with interaction and nesting of site, date and the repeated
measurement of points along survey transects at four Lake Tahoe locations in

Summer 1999. We found significant effects of these factors on plant height

| (ANOVA, F=11.27751,277, p<.0001)

Source DF F Ratio p

| Date 3 9.1 <0.0001
‘ Site 3 6188  <0.0001
Date*Site 9 10.84  <0.0001
A Point(Site) 36 7.35 <0.0001
L.
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Table 1.4a . Mean C/N ratios for M. spicatum plants on four dates during Summer
1999 at four survey sites: Crystal Bay Marina (CS), Emerald Bay (EB), Meeks Bay
Marina (MKS), and Obexer's Marina (OBX). Unique combinations of Site and Date
affected C/N ratios in plants (ANOVA; F = 10.457 4,110, p<.0001)

Site - Date Mean C/N  Sid Dev
CS - 7/7/99 33.87 10.87
CS - 8/31/99 34.34 7.23
CS - 9/27/99 29.00 12,52
CS - 11/5/99 28.14 8.11
EB - 7/7/99 24.26 7.49
EB - 8/31/99 26.64 7.46
EB - 11/5/99 24.38 8.11
MKS - 7/7/99 16.83 6.56
MKS - 8/31/99 27.21 7.54
MKS - 9/27/99 28.71 6.25
MKS - 11/5/99 20.91 7.59
OBX - 7/7/99 22.43 7.80
OBX - 8/31/99 28.11 7.79
OBX - 9/27/99 35.33 8.42
2242 6.61

OBX - 11/5/99
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— Table 1.5a. Mean C/P ratios for M. spicatum plants on four dates during Summer 1999 at
[ A four survey sites: Crystal Bay Marina (CS), Emerald Bay (EB), Meeks Bay Marina (MKS),
i and Obexer’s Marina (OBX). Unique combinations of Site and Date affected C/P ratios in
- plants (ANOVA; F = 103.483,5,10, p<.0001)

,,,,,,

Lo Site - Date Mean C/N  Std Dev

lf CS - 07/07/99 157.639 6.876

‘ CS - 08/31/99 181.215 - 142.424
L CS - 09/27/99 270.113 147.874
N CS - 11/05/99 91.157 . 135.393
[, EB - 07/07/99 248272 121517
7 EB - 08/31/99 154.514 147.723
' EB - 11/05/99 105.692 141.777
1 MKS - 07/07/99 107.268 43.68
- MKS - 08/31/99 116.719 94,022
- MKS - 09/27/99 153.69 32.954
1 MKS - 11/05/99 73.239 86.794
N OBX - 07/07/99 - 146.594 19.106
OBX - 08/31/99 107.597 68.718

OBX - 09/27/99 174.832 53.463

L. - 0OBX-11/05/99 95.039 81.077
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Table 1.6¢c. Mean C/N ratios in plant shoots alone according to Site/Date
combinations. Sites consisted of the four lake survey sites: Crystal Bay Marina
(CS), Emerald Bay (EB), Meeks Bay Marina (MKS), and Obexer’s Marina -
(OBX). Mean C/N in shoots differed by Site*Date (F = 8.9944;53, p<.0001)

Site*Date Mean Std Dev

Cs07/07/ 24.30 - 1.00
CSs08/31/ 28.22 2.35
Cs09/27/ © 17.62 0.73
CSs11/05/ 20.31 2.19
EB07/07/ 17.88 2.86
EBO08/31/ 20.78 4.21

- EB11/05/ 18.72 4.47

MKS07/07 1128 024
MKS08/31  21.65 2.68
MKS09/27 23.27 2.89
MKS11/05 16.35 4.01. i
OBX08/31 21.81 455
OBX09/27 28.70 1.37
OBX11/05 18.15 2.44




Table 1.7. Mean C/P ratios in plant shoots alone according to Site/Date
combinations. Sites consisted of the four lake survey sites: Crystal Bay

Marina (CS), Emerald Bay (EB), Meeks Bay Marina (MKS), and Obexer’s

Marina (OBX). Mean C/P in shoots differed by Site*Date (F = 2.401 4,5,

p<.0001)

Site*Date  Mean  Std Dev :
CS07/07/  157.64 6.88
CS08/31/ 12245 . 81.45 -
CS09/27/ 139.42  23.48
CS11/05/  40.29 47.40
EB07/07/ 189.18  34.59
EB08/31/ 14091  114.29
EB11/05/  56.52 63.14
MKS07/07  71.65 8.81
MKS08/31 94.80  63.15
MKS09/27 14222 ~ 28.98
MKS11/05 39.67 53.82°
OBX07/07 14659  19.1471
OBX08/31 75.85 38.74
OBX09/27 136.39 12,95
OBX11/05 63.29 52.32
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Table 1.9a. Survey date, root/shoot, and sediment and lake water nitrogen species were
associated with nittogen concentrations in M. spicatum tissues in the lake surveys

(ANOVA, F = 28.135,,129, p<.0001, R%q = 0.6978).

. Sum of Sqguares |

F Ratio -.

Source DF p
root/shoot 1 24.116 238.755  <.0001
NH4-H20 1 0.631 6:252 . 0.0137 .
NO3-H20 1 0.401 - 3.968 0.0485
NH4-sed 1 0.949 9.393 0.0027
NO3-sed 1 0.682 6.751 0.0105
Date 3 1.330 4388 0.0056
Site 4 1.648 . 0.0038

4.080

Table 1.9b. Paramter estimates for the effects of sediment and lake water nitrogen on
nitrogen concentrations in M. spicatum tissues. Negative estimates mean that with every
unit of increase of a particular environmental factor there will be a decrease in the

concentratlon of N m M. splcatum

t Ratio -

P

Parameter Estimates - Estlmate
NH4-H20 -0.014 -2.5. 0.0137
NO3-H20 . -0.080 . -1.99. 0.0485
NH4-sed 0.002" 3.06 0.0027
NO3-sed 0.020 2.6 0.0105
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Table 1.11. Typical Bonferroni pairwise comparisons’show differences in chlorophyll-a in
lake water according to survey sites, dates, date*site, and date*p/x in Summer 1999, where
p indicates the presence of plants and x indicates areas of surveys sites without plants.
Because the samphng regime was not balanced such that every site was sampled on every
date, stlpulatlons for compansons were required in the analysis. lnequahty signs indicate
whether chlorophyll-a was higher in Column A or B; " indicates no significant difference.

Comparison  Stipulation ... Column A - . ColumnB p .

Sites (exclude TK) -C8 < EB 0.0159
' ' cs < MKS 0.0002
.CS - OBX 0.7480
EB - MKS 0.2715
.EB > -OBX 0.0074
;.MKS > OBX 0.0001
Sites _ (exclude 8/31/99) TK > EB . 0.0006
' JTK > MKS 0.0034
TK > . CS 0.0001
TK > . OBX 0.0001
Site*p/x . CS-p - CSx
: EB-p - EB-x 0.2233
" MKS-p > MKS-x 0.0001
OBX-p - OBX-x 0.0843
TK-p > TK-x 0.0250
Site*Date MKS-11/5/99 > MKS-7/7/99  0.0326
- OBX-11/5/99 > OBX-7/7/99  0.0055
OBX-11/5/99 > OBX-8/31/99  0.0003
OBX-11/5/99 > OBX-9/27/99 0.0666
. OBX-9/27/99 > OBX-8/31/99  0.0645
CS-11/5/99 - CS-77/99 0.1374
CS-11/5/99 < CS-8/31/99  0.0001
-CS-11/5/99 - CS-9/27/99  0.4077
. CS-7/7/99 > (S-8/31/99  0.0005
" CS-7/7/99 - CS-9/27/99  0.4696

CS-9/27/99 > .,CS-8/31/99 0.0001
TK- no differences among dates
EB-no differences among dates
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Table 1. 12a nght extmctlon coefﬁcrents at 1-m depth dlffered accordmg to date

Tahoe suwey !oca’nons (ANOVA F=8. 78510,37, p< 0001) Although p/x was hot
significant as a main effect, its presence in the site*p/x interaction requxres that it
remain in the model (Neter etal., 1996). : T T T

3

Source .- DF Sum of Squares F Ratio p
Date -~ 8 . -:. 0.393 ."10.307 <0001 -
Site , 3 - 0180 © .. 4715 0.0069 +
p/x YO - 0.000 = 0.003 0.9604 -
3 . 0.113 - ..2.972 0.0441 ¢ ..

|
} Sitepix




Table 1 13a. ANCOVA determined that survey site, date, presence or absence of plants .
(p/x), and water depth affected the concentration of dissolved oxygen at four survey sites

over Summer 1999 (F = 631.023719,321, P<- 0001).. Dlssolved oxygen concentratlons were
nearly saturated in lake water from:July 7,-1999 to’ August 30, 1999, but decreased o

4.95 mg/l by September 27, 1999, the time of plant senescence

Source - DF Sum of Squares F.‘:Rétio: . .pr
Date 2 "1004.407 5589.842  <.0001
Site 3 " 7.097 56.332 <0001
pix 1 4.542 50,558  <.0001
" Depth , 1 3.392 37.760 <0001
Date*Site 6 62.719 116.351  <.0001
Site*p/x 3 9.322 34.588  <.0001
Site*Depth 3 0.877 3 253 0.022
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Table 1.1 4a. Temperaturés varied in fittoral lake water in are
without plants at survey: sites by depth, and on different dates (ANCOVA;F =

275.568,7,312, p<-0001). Temperature increased from July 7 (15.84 = 1.20°C) . -
to August 31 and September 27,1999 (17.36
ith plants than W

on average greater in areas wi

as with and.

+0.59 °C). Temperatures were

Factor DFE ..SumofSquares F.Ratio ::zp
site - 3 33.633 129.340. <.0001
depth(m) SR 19.542. 225.452° <.0001
site*depth(m) % 3 2.902 11.161  <.0001
date . 2 64.246 370.600 <.0001
date*depth{m) 2 2516 14515  <.0001
p/x -1 3213 37.066 - <.0001
site*p/x 37 8.279 31.839: <.000t
date*p/x 2 4.691 27.060.: <.0001
site*date 6 79.244 152.372 <.0001
p/x*depth(m) <A1 0.464: - 5.352 0.0214
site*p/x*depth(m). = 3 2.642° 10.161.. <.0001
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Table 1.15. Particle size distribution in sediments from the Tahoe Keys Cove East
Lagoon (TK) and four lake survey sites: Crystal Bay Marina (CS), Emerald Bay (EB)
Meeks Bay Marina (MKS), and Obexer’s Marina (OBX). Measurements were made in

~ areas with M. spicafuh{ plants (p) and without plants (x). Differences due to site, date,

and thé presence or absence of. plants were riot significant. Sample sizes were small .
(h=2ord).” s T

Site. . Xp - -%Sand °_ %Sit ~ ‘%Clay" -
CS P 92 T4 4 :
cS X 95 i 4
EB p 95 2 "3
EB X 96 1 3
MKS p 94 -3 3
MKS p 94 3 3
OBX p 90 6 4
OBX X 87 9 “ 4
TK p 94- 3 3
TK ) 94 3. 3
TK p 90 .6 4
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Table 1.17a. ANOVA tabie‘for the effects of Site, Date, and the presence
(p) or absence (x) of M. spicatum plants'on Total Kjeldahl;_Nitrqggn e

(TKN) in survey sediments: There were fio constant trends iri TKN over -
time in areas with and Without plants.

Factor . DF = E . p i

Site 4 35 0.011

p/x 1 © 148 0.2269 «. . -

Site*p/x 3 © .32.69 0.0001: -

Date 3 12,67, 0.0533+-
9

Date*Site 4.75 0.0001
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Table 1.18a . Olsen-P in dried survey sediments differed accordir;g to site,

date, and the presence (p) or absence (x)of M. sp{qqtuny pla_@ts (ANQ_\_/A, F L

= 10.52023,78, p<.0001); however, trends were not consistent.

Factor DF F PE e -

Site

p/x
Site*p/x
Date
Date*Site
Date*p/x

13.02 . 0.0001

0.02

a7t
‘1845
.+5.88
367

oo © w o -
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Table 1 A%a. Solub{e reactxve phosphorus (SRP) ln sedlment pore
. water differed accordlng to, survey site, date, and the presence or
absence of plants in mters’ntai sedlments (ANOVA F =7.387 00,64

p<. 0001) Although concentratrons were vanable, in general, SRP

was low in sediment pore water.

Factor . DF Sum of Squarées __F Ratio p
Daté”." " 8 522.406 7.789 0.0002
Site © . 3" T 889. 051 12,958  <.0001
pix . .1 7654 0.342 0.5605
Date*Site” 9 743814 3897  0.0009
Daté*p/x 3 338.612 5.049  0.0033
Site*p/x 3 584.773 8.719  <.0001
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" Table 1.50a. Concentrations of dissolved phosphorus (DP) in interstital
sediments varied by survey site, date, and the presence or absence of
plants during the 1999 summer surveys (ANOVA,: F =.6.702456, -~
p<.0001). D;ssolved phosphorus decreased from August 30 throtigh
November 5, but changes were not caused by the presence or absence

of plants . s

Fac"tor DF  Sum of Squares F Ratio p -
Date’: - 2 - 7.439 11.406  <.0001
Site - 3 3.479 3556  0.0199
pix 1 0.337 1.035 0.3134
Site*p/x 3 5:355 5474  0.0023
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Table 1.21a. NO3-N in interstitial sediments varied by survey site, date, and
presence or absence of plants in 1999 (ANOVA,F = 3.46919,64, p<.0001 }. In
- ‘genéral, NO3-N ininterstitial ‘sediments varied by site, but patterns between

' areas with, and without plants as well as survey daies Were not consistent.

i ~ Factor.. DF-. . Sumof Squares:. F Ratio p .
Date ' * % . ' 0290 . 0.196 . 0.8987
Site - 7.598 5.143  ° 0.003
p/x 0691 ..: 1403, 0.2406
J Date*Site 16.282 3.673 0.0009
“Site*p/x . . .7.866. . .. 5324 0.0024
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Table. 1.22a. Logit parameter contrasts for the effects of site, M. spicatum- source, and -
sediment-source on the likelihood of plant survival. Negative estimate numbers are associated
with the likelihood 6f survival. More negative values suggest a Tower ¢hance that M. spicatum
would survive under the parameters of column A than column B. For instance, M. spicatum
plants would be less likely to survive at Caspian Point then they would in the Tahoe Keys Cove
East Lagoon. It should also be noted that due to an unbalanced experimental design, sediment
from Caspian Point can only be compared to Tahoe Keys sediment if Tahoe Keys is the only
source of M. spicatum specified in the model. All site contrasts consider only buckets with M.

spicatum taken from the Tahoe Keys.

.Parameter Column A Column B estimate Chi-square . p

Site Boatworks -  TahoeKeys' = -0.884 3.090 0.0788
Boatworks - Caspian Point ~ 27.649  44.156 0.0001

Boatworks - Meeks Bay 3.771 35.911 0.0001- .
Meeks Bay - TahoeKeys =~ -4.780 '76.291 -0.0001
‘Meéks Bay - - CaspianPoint~ 23.878 * - 3.829 - .0.0504
Caspian Point - Tahoe Keys'  -28.471'-"62.388 .-~ 0.0001
Milfoil-source 'Mékks Bay - - TahoeKeys. - -3.045 ~* 0.000 - *10.9854
Sedimentsource -~ Boatworks -  TahoeKeys ~ <1.218 ** ~4.807 % 0.0283
Meeks Bay - TahoeKeys ~'0:071 - -~ 0.031° - 0.8602
..+ - Caspian Point - - TahoeKeys . 24.727 - 3.049.:+- - ¥-0.0808

" Table 1.22b, Parameter estimates for interaction betweéeh Site.and M. spicatum -source.
~ Negative values indicate a lower likelihood of survival. 'S /ivorship was highest among plants

" grown in their home location. ‘Myriophyilum spicatiim.frorii the Tahoe Keys had the highest

likelihood of survival when it was grown at the Tahoe Keys. The same was true for plants from
Meeks Bay Marina. We found that crayfish preferrentially grazed plants from foreign locations.

. Myriophyllum spicatum Source
Site- Meeks Bay Tahoe Keys
Meeks Bay 6.475 4781
Tahoe Keys -3.430 0




Table 1.24. ANCOVA revea!ed tha’t NOS and SRP from lake water (HZO)
together with msterstltral sedtment SRP (sed-SRP) and sou rce ' of M. sp/catum _
(MS souirce) affected plant helght over the 9—

experiment (ANCOVA F=17. 0515,,23, p<. oom R =46.1%) .

Source, DF Sum of Squares E Ra’no N

MS source 1 2059 8084 2516294 <.0001
H,0-NO3*MS source 1 2096 1327 26.0814 <.0001
H,O-SRP 1 1694 5897 21.0851 <.0001

- sed-SRP 1 9940297 12,3683  0.0006
H,0-NO3*sed-SRP 1 7838 5599" 0. 4339 - 00016
H,O-NO; 1 15914,6245 19.804 <.0001

ek growth penod of the transp!ant o
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Table 2.2a. ANOVA results for P activity in water of root compartments.
Day length was either long or short. Species consisted of M. spicatum and

E.canadensis. \Jar refers to the repeated measure of %P activity in the

freatment rephcates Both species took up 32p by the mld-expenement :
sampling date, Séptember 15,1999, but had released it again by the end of

- the experiment.” Elodea canadensis took up more ¥p than M. spicatum oh
September 15, 1999

Source L DFF ' FRato . p-

- day length 1 11.122°* ~0.0022
species 1 6.565 - 0.0153
jar[daylength,species] i5.. 3.938 0.0006
date .27 292,063 = <.0001
day length*date : 2 3.978 0.0287
species*date 2 - 3374 - 0.0468
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Table 2.3. Mean dry weights and *?P specific activities for the biological compartments

| (cmpt) of microcosms under treatment combinations of plant species (M. spicatum MS
a vs. E. canadensis EC) and photoperiod (short-day vs. long-day) on October 20, 1999.

SPM refers to suspended particulate matter in the water. S

- Microcosm Treéghnent "~ Drywt stdev Sp. Acﬁvﬁy': - stdev’ Sp. Activity . stdev
o compartment S @ @ (dprvgy . ~ (dpmvg) (dprvemph) (dpm/cmpt)
roots MS-long 700094 00032 228,065,163 88,461,458 = 1,926550" 228,422
. : MS-short 7 00018 0.0026 - 822,297,265 388,477,404 1,066,550 . 785,736
[ EC-long -0.0121 0.0087 468,565,257 567,856,127 2,535,004 -- 1,111,987
 EG-short. .- 0.0343 0.0452 92,241,709 117,173,638 1,628,403 1,124,314
N .
| shoots MS-long 0.0580 0.0639 471,994 607,087 25,383 32,501
MS-short 0.0603 . 0.0428 710,245 1,524,478 . 22,662 46,372
: EC-long 0.1757 0.1265 9,719 12,441 2,260 = 4289
7 4 EC-short 0.4404 0.3623 398 889 . 318 707
1 leaflets MS-long 0.0307 0.0188 698,427 230,841 22,241 12,070
| MS-short 0.0262 0.0082 2,230,971 3,176,023 45,518 59,873
i EC-long 0.0051 0.0055 .0 0 .0 o .
! EG-short 00026 00033 . -0 -0 - 140 314
S B greentips  MS-long . 0.0351 0.0420 2,516,405 3,558,734 200392 283,687
' MS-short 0.0309 0.0216 16,923,632 23,155,923 312,445 642,310
({dpnvem?®)  (dpm/em?)
wall biofilm  MS-long 123 275 83,688 . 187,133
MS-short 123 275 80,620 180,271
EC-long 176 215 118,011 144,230
EC-short 53 118 . 35,866 80,200
(dprrvml) (dprm/mi)
spm MS-long - 228 510 39,058 65,615
MS-short 509 1,138 53,979 89,476
EC-long 0 (o} 0 0
EC-short 0 0 3,072 6,869




Table 2. 5a Two-way ANOVA of the effetts of treatment and date on phytoplankton
productmty measured. by in- vivo ﬂuorescence in bloassay ﬂasks over six days Treatments
included extidatesin filtered water from microcosms With M. splcatum ‘E. canadens:s and
no-plant controls at concentration levels of 1% and 10%. According to the modél, each of
these factors affected the in vivo chiorophylli-a response (F=44.877,,51, p<.0001). *

Source ¢ - DF - . F Ratio - p

Treatement 9 . 412863 <.0001_
Date ' 2 345. 753 * <.0001

Treatement*date 18 . 47731 . ‘<0001

* Table2 5b Typlcal Bonferrom palrWlse compansons of phytoplankton prodqct iV ty’fmeasured

by in wvo fluorescence at 1% and 10% levels of ﬁltered wa r from mlc"“cosm treatments

y nificant ‘according
to typ:cal Bonferroni. Patrs marked with ™** are not stgmﬁcant usmg the con rvative,
Bonferroni pammse analysis. C

Pairwise comparison

treatment - treatment p .
MS 10% > MS1% <.0001"
EC1% > EC 10% .0.0428*
Sed 1% >  Sed10% <.0001 .
H20 1% > - H2010% <.0001
DI 1% > DI 10% <.0001
Dl 1% > MS 1% 0.0208*
DI 10% > EC 10% <0001
DI10% .>  Sed10% <.00071
DI 10% > H2010% . <.0001
DI 10% > DI 10% <.0001
DI 1% > EC 1% 0.0025*
EC 10% > Sed 10% <.0001" -
EC 10% >’ H2010% <.0001
> DI 10% 0.0001""

EC 10%

dlment (H20),

201



Table 2.7a. Two-way ANOVA revealed that date, plant spegies M.

spicatum vs. E. canadensis), arid their interaction affécted the amount of

decomposition in mesh bags over an 11-week period in Fall; 1999
(ANOVA, F = 34.325,,4;, p<.0001). *Elodea canadens:s decayed faster -
_than M splcatum

Source w7 . -5 DF-- - .-8um of Squares’ * F R'atio Cope

Date _ . 4 12.112 52.590 <0001 )
Plant species 1 4.855 84.331 <0001 .
' 4 2.232 9.692 .. .<.0001

Date*species
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TabL'2>8a ' Harvest date and plant species (M. spicatum vs. E.

" canadensis) affected the amount of carbon (% C) remaining in mesh

bags following decomposmon (ANOVA F=13. 8865,41, p< 0001)

Source DF Sum of Squares F Ratlo p -+
Date 4 176.594 .9.708 <.0001
Plant species L1 129 i76 .. .28. 405 .-<.0001

Table 2.8b. Paramter estxmates for pauwlse contrasts for the effects of

harvest date and plant species (M. spicatum vs.. E.'¢anadensis) 6n the
.amount of carbon (% C) remalnlng in mesh bags followmg
decomposition.

Parameter Estlmates - Estimate” - t Ratio p

Intercept = 36.485 116.06  <.0001
Date[09/23/9-12/5/99] 2015 .. 331 . 0.002:
Date[10/09/9-12/5/99] ~ . -2.435 -3.99 0.0003
Date[10/23/9-12/5/99] -1.485 -2.44 0.0193
Date[11/17/9-12/5/99] -0.775 -1.27 02111

Plant[E. canad.—M.-spic] -1.660 -5.33 <.0001
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Table 2.10a. We found the effects of harvest date and plant species (M. spicatun vs.
E. canadensis) to be significant sources-of variation in the amount of phosphorus (%
P) remaining in mesh bags following decomposition (ANOVA, F = 22.289,5,

p<.0001).

-Sum of Squares  F Ratio’ g

Source . DF
Date 4 5.005856  46.6949 | <.0001
Plant species 1 0.0041077 = 0.1533  0.6977
Date*Plant species 4 0.3813752 - 3.5575 0.0148

Table 2.10b. Paramter estimates for pairwise contrasts for the effects of harvest date
and plant species (M. spicatum vs: E. canadensis) on the amount of phosphorus (%
P) remaining in mesh bags following decomposmon -Parameter estimates are on an .

In-scale.

Parameter Estimates . _ - Estimate. .t Ratio - .p
Intercept - - .. - 1787413 ---73.89  .<.0001
Date[09/23/9-12/5/99] ~ '0.6362508 1359 . <0001
Date[10/09/9-12/5/99] - " -0.195632 4,18 - - 0.0002
Date[10/23/9-12/5/99] + - _ s .-0.140484 . 3..:..0,0048
Date[i1/17/3-12/5/99] "+'. : _+  -0,086983  +-1.86 -, 0.,0712
Plant[E. canad.—-M:-$pic] - . -0.00947 .. -0.39., - -0.6977
Date[09/23/9-12/5/99]"plant{E. canad. -M. -spic] . 0. 1687018 . ! 3.6 . - N 00009 :
Date[10/09/9-1 2/5/99]*plant[E. canad.—-M. ~spic] -0 084884 181 0078
Date[10/23/9-12/5/99]*plant[E. canad.--M.-spic] -0.038957 -0.83 0.4108
Date[11/17/9-12/5/99] plant[E. canad.--M.-spic] -0.008395 -0.18 ' 0.8587
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Table 2.12a. We found the effects of harvest date and plant species (M. sp10&tum vs. E.
canadensis) to be sngnn‘lcant sources of variation in the €/P.ratio of mesh bag contents
followmg decomposmon (ANOVA F= 22, 2899 37, p<.0001). :

’ Source S . © Sum of Squares __F Ratio p
s . Date 4 - " 4.221 34.636 : +<.0001
Plant species - ,_ 1 - 0.056 1.851 = 0.1819
' ~ Date’Plantspecies . . 4 ., 0.499 4.098 . 0.0076

Table 2.12b. Paramter estirnates for pairwise ¢ontrasts for the effects. of harvest date and
plant species (M. spicatum vs. E. canadensis) on the C/P ratio of contents of mesh bags
followmg decomposmon Parameter estlmates areon.an In- scale . e

Parameéter Estlmates Estimate t’ﬂatio" S p

Intercept =~ . - 5.380 ~.208.6 . <0001
Date[09/23/9 12/5/99] -0.581 - <11.83, . <.0001
Date[10/09/9-12/5/99] w- .« 0427 . +255:.-.0.0149,
Date[10/23/9-12/5/99] , ~0.100 Ceo =20 20,0534
Date[11/17/9-12/5/99} . . 0.067 -~ . 185: .0:85
Plant[E. canad.--M —splc] T o /- RS - S (R -} £
Date[09/23/9-12/5/99]*Plant[E. canad. —-M ~spic] -0.188 -3.77 0.0006
‘Date[10/09/9-12/5/99]*Plant[E. canad.—-M.-spic] 0.113 2.27 0.029
Date[10/23/9-12/5/99]*Plant[E. canad.--M.-spic] 0.023 0.46 0.6477

" Date[11/17/9-12/5/99]*Plant[E. canad.--M.-spic] 0.015 0.3 0.7631
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- Appendix 1.1. Locations of aquatic macrophytes in Lake Tahoe in June, 2000.

- }Site

' . Plants’ : Latitude | Longitude
-{Tahoe Keys - Myriophyllum spicatum 38.56.00 | 119.58.53
gas dock Ceratophyllum demersum s
Outside T: Keys |Ranunculus sp. 38.56.465 120.00.,492
in lake " |Myriophullum sp. - C e
: Talyor Creek -. |plants yet to be sampled . 58.56.478 | 120.03.528
. |mouthof créeek: | I
.. [Emerald Bay - |Pofamogeton sp.. 58.57.2684 | 120.06.335
northern side Myriophyllum spicatum o
1(Katey's site) Elodea canadensis
- \EmeraldBay— [Wyrophylam sp. (verioliatum? Siifcum?) | 58.57.187 | 120.06.374
Viking's home . \
Obexer's Marina |Myriophyllum spicatum 39.04.908 | 120.09.428
Chara sp. '
Meeks Bay Myriophyllum spicatum 39.02.195 ‘120.07.399
' Elodea canadensis
Utricularia sp.
Chara sp.
Trde moss
Eleocharis sp.
[Uppér Truckee ' Myriophyllum spicatum 39.10.048 | 120.08.605
behind dam '
in lake Tahoe
CrystalBay ___ |Myriophyllum spicatum 39.14.802 | 119.58.871
East crib
Crystal Bay Myriophyllum spicatum 39.14.902 | 119.58.941
Middle crib .
Crystal Bay Myriophyllum spicatum 39.14.910 | 119.59.056
West crib
|(big hole with no
plants in middle
of marina).
Logan Shoals Myﬁophy}Ium spicatum 39.04.206 | 119.56.584
Elodea sp. : ‘
Elk Point Potamogeton foliosa 38.59.031 119.57.362

Chara sp.
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. Appendix 1.2. Total nutrient G, N, and P, as well as C/N, C/P and N/P ratios for M.

spicatum roots and ShOOLS during Summer 1999 at four survey sites: Meeks Bay Marina
(MKS), Crystal Bay Marina (CS), Emerald Bay (EB), and Obexer's Marina (OBX). -

Date | Site | rootishoot] plant%C | plant%N| plant%P} G/N | C/P N/P

07/07/99 | MKS | shoots. | 35.3 3.16 0.53- |11.19} 66.60 | 5.953°

07/07/98 | MKS | shoots |- 36.0 324 | 044 |11.12]81.82|7.355) ;. -

07/07/99 | MKS | shoots 306 | 265 | 046 [11.54| 66.52 | 5.765 f

07/07/99 | MKS roots 32.6 1.58 0.30 |20.65]108.67] 5.263

07/07/99 | MKS | roofs- .| 34.6 1.29 0.22 |26.82|157.27| 5.864 |

07/07/99 | 'MKS roots 35.8 1.82 0.22 |19.66|162.73| 8.277

07/07/99 | OBX | shoots | 37.1 2.33 | 0.23 |15.94}161.30{10.122

07/07/99 | OBX | shoots 35.0 2.29 0.28 |15.26]125.00} 8.193

07/07/99.| OBX | "shoots. | 353 | 231 0.23 |15.26153.48/10.057 "_.

07/07/29 | OBX | _roofs 37.6 1.22 30.77
07/07/98 ] OBX roots | 35.9 1.37 . 26.15
07/07/99] OBX roots 37.0° 1.19 31.17

07/07/99 |- CS -shoots, | 38.3 1.58 | .0.24 |24.26]159.58 5579

07/07/99 | CS | shoots 39.2 | 168 0.24 [23.31/163.33] 7.008-

“fo7/07/95| CS_ shoots 38.0 1.54 0.26 |25.36}150.00{ 5.915

07/07/99| CS roots - 38.6 0.88 . 144.11
07/07/99| CS roots’ 405 | 085 47.65
07/07/99} CS .| roots ~36.1 - 0.93 38.73

07/07/99] EB | roofs | .38.3 | 1.27 | 0.8 |30.21|42556]14:089] *.

07/07/99| EB shoots | 39.8 ~1.88 0.23 |21.13]{173.04] 8.191°

- [o7/07/99] . EB shoots 41.2 251 | 0.18 [16.41/228.89]13.950

07/07/99 | EB | shoots | 414 258 | 0.25 |16.06{165.60110.312} . N

07/07/99 | ' EB roots . | 391 1.15 33.97]

07/07/99| EB | roots*.] 38.6 1.39 27.69

08/31/99 | MKS | shoots 40.2 223 - |.0.26 [18.05]|154.62] 8.565

08/3.1199 MKS shoots 39.6° 2.05 0.29 |19.28]136.55|-7.083 | -

- }08/31/99 | MKS shoots 39.7 1.57 0.31 |25.35]128.06] 5.052 ]

08/31/99 | MKS | shoots 38.8 155 | 0.35 |25.06|110.86| 4.423

08/31/99] MKS | shoots | 39.6 1.78 0.24 |22.23}165.00| 7.421

08/31/99 | MKS qoots | 405 1.32 0.18 [30.66]225.00} 7.339.

08/31/99-| MKS roots | 384 0.89 0.25 }38.87[153.60} 3.952

08/31/99°| " MKS roots. 39.4 0.98 .| 0.12 |40.04]328.33| 8.200

08/31/99 1 MKS roots 39.7_ 1.06 . 37.81

08/31/99 | MKS- |  roots 382 | 1.08 35.24

08/31/99 | OBX | = shoots 41.7 2.53 0,47 |16.50{ 88.72 | 5.377

08/31/99-] OBX | shoots | 417 -| 2.33 | 0.42 |17.90 99.29 | 5545 |

08/31/99| OBX | shoots 40.8 1.72- | 0.39 |23.68|104.62| 4.418 1} .

08/31/99 | .OBX. | shoots 41.5 213 0.38 [19.52}109.21} 5.595

08/31/99| OBX-| rdots | 38.7 134 | 020 |28.90]193.50} 6.695

[08/31799 |- OBX | _roots 38.0 123 | 0.21 |30.82/180.95}.5.871

08/31/9,9 .OBX roots 389 |. 114 0.19 [34.06|204.74] 6.011]-

08/31/99 |- OBX roots 38.8 0.96 0.21 |40.54|184.76] 4.557.

08/31/99} CS roots 354 0.77 0.10 |45.97|354.00] 7.700

08/31/891 CS.- roofs 409 | 091 | 0.10 |44.90{408.00{ 9.110

08/31/99| CS | shoots 38.8 1.36 0.22 |28.57{176.36] 6.173

08/31/99] CS roots |- 38.1 0.85 0.10 |41.07}391.00] 9.520"
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08/31/99] ©S. | shoots | 414 | T.474 | 0.19 [28.09]217.89] 7.758
08/31/991 CS | shoots | 406 | 1.474 | 025 |27.54|162.40] 5.896
11/05/99 | ©S roots | . 385 | 1.154 | 0.00 |33.36|427.78|12.822} _
11/05/99 | - CS roots 304 | 1.124 | 0.11 |35.05|358.18[10.218} *
RIS Toots | 40 | 0.952 | 0.11 |42.02|363.64].8.655
11/05/99 | CS roots 378 | 126 | 0.12 |30.00]315.00{10.500} .
11/05/99 | - CS | . roots 389 ] 1472 | 0.11 |33.19]353.64|10.655]
11/05/69°] CS | shoots | 406 | 1.873 | 0.22 |21.68|184.55] 8:514]:
11/05/99°] ' CS | - shoots | 40.8 | 2.197 | 0.26 |18.62]|157.31] 8.450
11/05/99 1 CS | shoots | 414 | 1.777 | 0.29 |23.30[142.76] 6.128
11/05/99 | CS | shoots | 39.8 | 1.914 | 0.27 |20.79|147,41| 7.089
[11/05/99__ CS_| shoots | 404 | 1.986 | 0.24 |20.34[168.33] 8.275
08/31/95| EB | roots | 39.7 | 1.394 | 0.17 |28.48|233.53] 8.200
08/31/99 | EB roots 307 | 1616 | 0.13 |24.57|305.38]12.431
08/31/99] EB | roots 389 | 1.317 | 0.15 |29.54]259.33
08/31/99 | EB | shoots | 419 | 1.755 | 023 |23.87|182.17| 7.630} "
|08/31/99| EB | shoots | 415 | 2.697 | 0.17 |15.39]244.12
08/31/99| EB | shoots | 411 | 2.505 | 0.34 |16.41]120.88
11/05/99 } EB roots 241 | 1.185 | 0.09 |37.22|490.00
11/05/99 | EB roots | 435 | 1.309 | 0.09 |33.23|483.33| 14.544] -
11/05/99 | EB_| roots | 41.9 | 1.599 | 0.13 |26.20|322.31]12.300}.
11/05/99 | EB | shoots | 42.9 | 1.523 | 0.15 |28.17|286:00]10.153
11/05/99| EB | shoots | 42 | 2.364 | 0.33 |17.77]|127.27
11/05/99 | EB | shoots | 432 | 2.132 | 0.15 |20.26]288.00
11/05/99 | EB | shoots. | 42.8 | 2.524 | 0.18 |16.96]237.78
11/05/99 | EB | shoots | 425 | 2.833 | 0.24 }15.00|177.08[11.804
08/31/99 | MKS | roots | 887 | 1.443 | 0.15 |26.82]258.00].9.620.
08/31/99 | MKS | _roots 383 | 1.519 | 0.24 |25.21|159:58] 6.329 -
08/31/09 | MKS | shoots | 395 | 2.048 | 0.19 |19.29]207:89][10.779] "
08/31/99 | MKS | shoots | 38.9 | 1.823 | 0.19 |21.34]204:74] 9.595
-[08/31/99] MKS | shoots | 39.3 | 1.734 | 0.28 |22.66]140.36] 6.193
11/05/99 | MKS | _ roots 389 | 1.874 | 0.15 |20.76]259.33] 12,493
11/05/99 | MKS | roots 396 | 1.875 | 047 |21.12|232.94]11.029
11/05/99 | MKS | _shoots 39 | 2.857 | 0.27 |13.65]| 144.44]10.581
11/05/99 | MKS | shoots | 368 | 3.32 | 0.4 |10.78] 89501 8.300
11/05/99 | MKS | shoots | 403 | 2.262 | 0.2 |17.82|201.50]11.310} "
11/05/99 | MKS | shoots | 38.3 | 1.878 | 0.33 |20.39|116.06] 5.691]
08/31/99 | OBX | roots 379 | 1.011 | 0.18 |37.49]210.56] 5.617.] -
08/31/99 | OBX | _roots 385 | 1.112 | 0.18 |34.62|213.89] 6.178
08/31/99 | OBX | shoots | 385 | 1.37 | 0.29 |28.10|132.76 _
08/31/99 | OBX | shoots | 39.3 | 1.562 | 0.3 |25.16/131.00] 5.207 |
11/05/99 | OBX | _ roots 382 | 1.735 | 0.28 |22.02|136.43] 6.196
11/05/99 | OBX | shoots | 406 | 2.315 | 0.48 |17.54| 8458 4.823
[11/05/99 ] OBX | shoots 39 | 191 | 0.33 |2042|118.18

5788 © - )
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08/31/99 | OBX-p 4 27 17 7
08/31/98 | OBXp 4 7
08/31/99 | OBX-p | 2 2 :
08/31/99 | OBXx 3 10 14 3
08/31/99 | OBXX 2 9 5 2
08/31/99 | OBXx 18 47 25 13
08/31/93 | TK-p 64 106 1488 77
08/31/99 | TKp 7 99 2000 20
08/31/99 | TK-p 52 89 1822 .| 45
08/31/89 | TK-p 2 3 1953 2
08/31/98 | TK-p 69 89 1818 66
08/31/99 | TK-p 3 8 1245 3
08/31/93 | TKp 55 129 1112 58
08/31/99 | TK-p 9 38 200 27
08/31/99 | TKp 21 2487 19
09/27/99 | CS-p 1 9 64 4
09/27/99 | CS-p 1 7 26 4
09/27/99 | CS—p 6 10 142 1
09/27/98 | CS-x 7 11 85 4
foorz799 | EBp 2 11 10 4
09/27/99 | EB-p 9 20 28 17
00/27/99 | EB-p 9 10 739 3
09/27/99 | EBx 33 47 3 35
09727/99 | EBx | 22 34 25 13
09/27/99 | EBX 38 59 287 45
[oerz7789 | MKSp 10 19 11 6
09/27/99 | MKS-p 8 26 3 6
09/27/99 | MKS-p 10 23 32 5
09/27/99 | MKS-x 4 EE 21 9
00/27/99 | MKSX 9 19 4 81
09/27/39 | MKSx 2 6 8 3
09/27/99 | OBX-p 2 11 56 4
09/27/99 | OBX-p 2 10 17 3
09/27/99 | OBXp 2 11 34 15
09/27/99 | OBXX 5 16 10 5
09/27/99 | OBXx 11 21 64 6
00/27/99 | OBXx 3 14 315 4
11/05/99 | CS-p 1 5 13 3
71/05/99 | CS-p 1 7 15 7]
11/05/99 | CS-p 1 7 68 3
11705/99 | CSx 2 7 13 3
11/05/99 | CSX 1 5 7 3
- |11705799 | CSx 3 8 11 3
11/05/99 | EB-p 1 2 19 5
11/05/99 | EB-p 73 5 739 18
11/05/98 | EB-p 15 28 127 7
11/05/98 | EB-xX 14 24 11 13
11/05/99 | EBx 4 9 27 6
11/05/98 | MKS-p 1 8 17 4
11/05/98 | MKS-p 1 8 12 3
11/05/93 | MKS-p 0 6 376 6
11/05/99 | OBX-p 2 9 7 10
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Appendxx 1.4. Nitrogen and phosphorus in lake water from areas of plants (p) and no
plants (x) at four Lake Tahoe Survey sites: Crystal Bay Marina (CS), Emerald Bay (EB),
Meeks Bay Marina (MKS), and Obexer's Marina (OBX). Al measurements are in ppb.

[R—

Ry——

Date | Sample | SRP DP TP NHA NO3
07/07/99 CS-p 13 ‘
07/07/99 CSp | 3 9 3
07/07/99 CS-p 3 11 7 2
07/07/99 | CSp. | .2 e 0 2

0707799 | CSp 3 11 7 26
07/07/99 . | CSp | 2 2 10

- 07107799 CSx | 2 10 2 8
07/07/89_ | CSx 1 4 4
07/07/99 CS=x 3 24 6 5
07/07799 . | _CSx | . 1 3 3
07/07/99 CSx 2 12 0 2
07/07/99 | CSx 7 ‘
07/07/99 CSx K 7 2
07/07/99 CS=x. 1 3
07/07/99 EB-p. 0 , 2 1
07/07/99 . | EB-p 1 10 2 3 .
07/07/99 | EB-p 4 ' 3 4
07/07/99 | EB-p. 1 10 1 2
07/07/99 EB-p 2 11 2
07/07/99 EB-p 8
07/07/99 .| EBx | . 12
07/07/99 EB-x 1 9 0 1
07/07/99 EB-x 1 11 6 i
07/07/99 | . EBx 2 8 7 2
07/07/99 | EBx 1 9 0 3
07/07/99 | MKSDp 2 9 1 6-
07/07/99 | MKS-p 2 9 3 12,
07/07/99 . | MKS—p 3 10 5 7.
07/07/99 |.MKS-p - 8 3
07/07/99 | MKS-p 2. 10 2 5.
07/07/99 | MKS-x 3 31 4 6
07/07/99 | MKSx 3 6 6
07/07/99 | MKSx 17 -':
07/07/99. | MKSX 4 11 6 8
07/07/99 | MKS-X 4 13 3 6
07/07/99 | MKSx | , 5
07/07/99 | OBX-p 3 9 35 7 -
07/07/99 | OBX-p 2 10 2 3
07/07/99 | OBXp 10

fo7i07/99 |. OBXp. | 6 z 2
07/07/99 | OBX-p 9 ‘

07/07/99 . |.OBXp | .3 _ 15 4 13
07/07/99 | OBXx 8 <

07/07/99 | OBXx 1 10 15 2
07/07/99 | OBXx 1 9 1 2
07/07/99 | OBXxX 1 10 4 2




o

09/27/99 CS-x 0 4 6 16 3
09/27/99 CSx 0 4 6 3 2
09/27/99 CSx 0 4 7 4 3
09/27/98 CS-x" 1 6 5 6 2
109/27/99 CS-x 1 4 8 0 2
09/27/99 EB-p 0 3 8 6 - ~ 3
09/27/98- . EB-p 0. - 4 7 2 3
09/27/99 EB-p -0 4 8 1 3
09/27/99 EB-p 0 3 8 1 3
- .]09/27/199 EB-p. 0 3 8 4 3
09/27/89 | EB=x 1 4 6 . 1 2
09/27/99 . EBx 1 5 9 4 2
09/27/99 EB-x 1 4 6 1 2.
09/27/99 EB-x . 1 4 - 7 0 2
08/27/99 | EB-x_ 0. 3 g 3 2
09/27/99 MKS-p .3 _ 8 21 3 3
09/27/99 - MKS-p 2 8 9 0 2
09/27/99 MKS-p 2 7 18 0 2
09/27/99 MKS-p 5 17 14 0 2
09/27/99 MKS-p 2 G 7 0 -2
09/27/99 | MKS-x 1 5 -7 5 4
09/27/99 MKS-x 1 4 5 20 2
09/27/99 MKS-x 1 4 7 6 2
09/27/199 - MKS-x 1 4 6 2 2
108/27/99 MKS-x . 1 5 5 21 3
09/27/99 OBX-p 1 6 6 2 2
09/27/99 OBX-p 1 7 5 3 3
09/27/89 OBX-p 1 9 10 1 2
09/27/99 OBX-p 1 6 6 1 2
09/27/89 OBX-p 1 6 -6 2 2
09/27/99 OBX-x 3 5 5 1 3
09/27/99 OBX-x 6 7 5 6 2
09/27/99 OBX-x 2 5 5 2 3
09/27/99 OBX-x 1 5 5 1 2
09/27/99 OBX-x 1 6 5 1 2
J11/05/39 CS-p 0 5 7 1 3
11/05/99 CS-p 1 6 8 0 2
11/05/99 . CS—p 1 7 7 0 2
11/05/99 CSx 1 3 7 1 2
11/05/99 CSx 1 4 6 1 2.
11/05/99 CS-x 0 5 7 1 2
11/05/99 ~ EB-p 0 3 8 2 2
11/05/99 EB-p 0 3 10 0 3
11/05/99 EB-p 0 3 g 5 2
11/05/98 EB-x. 0 3 7 4 2
-}11/05/99 EB-x 0 3 7 0 2
11/05/99 EB-x 0 3 6 1 2
11/05/99 MKS-p 1 5 7 5 4
11/05/99 MKS-p 1 6 6 10 3
11/05/99 MKS-p 0 5 6 5 3
11/05/99 MKS-p 1 5 6 4 4
11/05/98 MKS-p 0 5 6 7 5
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[ ' Appendix 1.5. Chlorophyll-a and phaeophytin measured in Lake Tahoe littoral water
| at four survey sites in the summer of 1998 Crystal Bay Marina (CS), Emerald Bay '
j (EB), Meeks Bay Marina (MKS), and Obexer's Marina (OBX). The Tahoe Keys Cove
’ ~ East Marina (TK) was also sampled on selected dates. Lake water was collected

L separately from areas with M. spicatum plants (p) and without plants (x).
iy date Site p/x Chl-a Phaeophytin -
‘;1 . fo7/07/99 | CS P 0.597 0.179 |
07/07/99. | CS X -0.019 0.736 -
07/07/99 | CS D 0.378 . 0.153 "
: 07/07/99 | CS X 0416 |  -0.044
] 07/07/99 | CS X 0.457 .0.101
07/07/99 | CS p -0.386 1.332
- 07/07/99 | CS p 0.31. | -0.039
1 07/07/99 | CS X 0299 | 0.073
: = 07/07/99 | CS p 14.563 4.425
07/07/99 | CS X 0.363 0.073
] 07/07/99 | CS p 0.178 | . 0.359
= 07/07/99 | CS p 0.378 0472
‘ 07/07/99 | CS X 0.333 -0.003
‘ 07/07/99 | CS X 0.552 -0.02
L l 07/07/93 | EB p 0.96 -0.774
. |o7/07/99 | EB X - 0.998 | . 0.017
07/07/99 | EB X 0038 | 126
07/07/99_| EB X 1.002 -0.018
o 07/07/99 | EB p 524 | 2861
07/07/99 | EB X 0.692 0.291
07/07/99 | EB p 0.386 0.162
07/07/99 | EB| p 0026 | 0.202
_ 07/07/99 | EB X - 0.8545 -0.0575 _
07/07/99 | EB p 0.556 0.018
07/07/99 | EB p 0.295 0.183
07/07/99 | MKS p 0.482 0.299
07/07/99 | MKS p 0.582 1.119
07/07/99 | MKS X 1.176 0.892
07/07/99 | MKS X . 1.169 10.354
07/07/99 | MKS p 073 | 0838
? 07/07/99 | MKS X 0.673 0.645
07/07/99 | MKS p 0.616 0.394
07/07/99 | MKS X -0.809 | 2642
07/07/99 | MKS p 0.506 0.431
L - |07/07/98 | MKS X 2207 | 8669
07/07/99 | MKS p 0.822 0.7985
07/07/99 | MKS X 152 0.633
‘ 07/07/99 |OBX| p 0.227 0.252
o 07/07/99 | OBX X 0265 | 0.044
(Y 07/07/99 | OBX X 0.265 0.282
L 07/07/99 [OBX| x 0.378 -0.064
07/07/99 | OBX p 0.467 -0.092
07/07/99- | OBX X 006 | 0.916
07/07/99 | OBX p 0.348 0.194




P

09/27/99 | EB p 0.45218 | 0.230712292
09/27/99 | EB p 0.26126 |.0.120021974
09/27/99 | EB p 0.348346 | 0.129678529
09/27/99 | OBX X 0.298104 | 0.117322292
09/27/99 |OBX X "0.314851 | 0.106265653
09/27/98 | OBX X 0.331599 | 0.115126707
09/27/99 | OBX X 0.341647 | 0.142068262
09/27/99 | OBX X 0.306478 | 0.106103203.
09/27/99 |OBX p 0.348346 | 0.189431606.
09/27/99 | OBX p 0.311502 | 0.112460519
09/27/99 |OBX p 0.549315 | 0.324218095
09/27/99 | OBX p 0.616305 | 024869231 -
09/27/99 | MKS X 0.271308 | 0.164035837
09/27/99 | MKS X 0.288055 | 0.147288429
09/27/99 | MKS X 0.355045 | 0.122979566
09/27/99 | MKS X 0.358395| 0.094021623
09/27/99 | MKS X 0.318201 | 0.128524633
|09/27/98 | MKS p 5.392665 | 4.025557708
09/27/98 | MKS p 0.596208 | 0.460852661
09/27/99 | MKS p 4119862 | 3.107414561
|09/27/99 | MKS p 0.880914 | 0.911678648
09/27/99 | MKS p 0.552664 | 0.315177844
09/27/99 | CS p 0.561038 | 0.148885294
09/27/99 | CS p 0.375142 | 0.105728061
09/27/99 | CS p 0.401938 | 0.121612978
09/27/99 | GS p 0.408637 | 0.097841707
09/27/99 | CS p 0.405287 | 0.115418112
09/27/99 | CS X 0.381841 | 0.08195679
09/27/99 | CS X 0.442132 | 0.128945353
09/27/99 | CS X 0.314851 | 0.072121038
09/27/99 | CS X 0.355045 | 0.103061874
09/27/99 | CS X 0.38519.| 0.095679617
09/27/99 | TK X 0.746456 | 0.413444816
09/27/99 | TK X 10.877086 | 0.422848605
09/27/99 | TK X 0.845983 | 0.443382363
09/27/99 | TK p 1.959447 | 0.709117552
foor27/98 | TK p .|1576888| 0.7032812
09/27/99 | TK p 1.897242 | 0.771322211
11/05/99 | TK X 0.326574 | 0.317668044
11/05/99 | TK X 0.424547 | 0.201200708
11/05/99 | TK X 0.402775 | 0.374014838
11/05/99 | TK p 2.213449 | 1.485550912
11/05/99 | TK p 2.467451 | 1.601448558
11/05/99 | TK p 2540024 | 1621351457
11/05/99 | MKS p 0.46809 | 0.108337447
11/05/99 | MKS p 0.366489 | 0.077390889
11/05/99 | MKS p 0.489862 | 0.222195817
11/05/99 | MKS p 0.522519 | 0.100145871
11/05/99 | MKS p 0.460833 | 0.131007157
11/05/99 | MKS X 0.322946 | 0.136346649
11/05/99 | MKS X 0.293917| 0217777389
MKS X 0.377375} 0.186722574

11/05/99
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Appendix 1.6. Individual light readings at four Lake Tahoe survey
sites: Crystal Bay Marina (CS), Meeks Bay Marina (CS), Emerald
Bay (EB), and Obexer's Marina (OBX), and at the Tahoe Keys Cove
East Lagoon (TK). Light measurements were taken with a scalar
irradiance LiCor except the July readings, for which we used a cosine

~ Date | Site | x/pjrep|depth(m) fight (umol m™ s™) | %-of-surface
07/06/99] CS | p {1 0 o 18.23 . 1.00
07/06/99| CS | p.| 1 05 |} - 165 | - 091
07/06/99] CS | p | 1 1 ' 1425 . 0.78.
07/06/99] CS | p | 1 15 | 122 . 0.67
o7/06/99t CS' | p| 1 2 11.5 i 0.63
o7/06/99| CS | p [ 1 2.5 18 0.10
07/06/99] CS | p | 1 3 0.6 0.03
o7/06/99] CS | x |1 0 17.58 “1.00
07/06/99| CS | x | 1 0.5 14.8 P 0.84
o7joe/99| cS x| 14} 1 13 . 0.74
07/06/99] CS | x | 1 15 12 | 0.68
o7r/oel99| cs i xj1 | 2 10 057 .
o7/06/99| CS | x | 1 2.5 _ 95 . 054
- 107/07/99 | MKS| p-[ .1 0 - 16.82 ‘ 0.99
07/07/99 | MKS| p | 2 0 17.31" 101
07/07/99 | MKS| p | 1 0.5 . 9.66 : 0.57
07/07/99 | MKS| p | 1 1 10.63 062 .
07/07/99 | MKS| p | 1 1.5 ‘ 8.73 ) . 0.51
07/07/99 | MKS| p | 1 2. 8.71 0.51
07/07/99 | MKS| p | 1 2.5 : 5.19 0.30 .
07/07/99 |MKS| p | 1 .3 6.05 0.35 .
07/07/99 | MKS| p | 1 3.5 - 44 . 0.26
07/07/99 |MKS| p [ 1 4 432 0.25
07/07/99 |MKS| p | 1 45 . 3.31 _ 0.19
07/07/99 |MKS| p | 1 45 2.5 0.15
o7/08/99| EB | p | 1 0 15.5 1.00
07/08/99| EB { p | 1 0.5 12 0.77
o7/08/99| EB | p | 1 1 . 105 ' 0.68
o7/08/98| EB | p | 1 1.5 ' 10 - 0.65
o7/08/99| EB | p | 1 2 9 0.58
07/08/99| EB | p 1 2.5 . B.S5 0.42
o7/08/9¢| EB | x | 1 0 15.5 1.00
07/08/99| EB | X 1 0.5 13 0.84
o7/08/99| EB | x| 1 1 ~ 12.5 0.81
o7/08/99| EB | x | 1 1.5 . 10.5 0.68
o7/08/99| EB | x | 1 2 9 0.58
o7/08/99| EB | x| 1 25 8 . 0.52
o7/08/99| EB | x | 1 3 6 - 0.39
07/09/99 {OBX|{ p | 1 0 14.3 1.00
07/09/99 |OBX| p [ 1 0.5 ‘ 13.86 0.97
o7/09/99 |oBX| p | 1 1 ' . 1343 0.92.
o7/09/99 OBX| p [ 1 15 11.6 0.81
07/09/99 |OBX| p | 1 2 10.4 0.73
o7/09/99 fOBX| p | 1 2.5 3.08 ° 0.22
107/09/99 oBX| x| 1 0 15.05 . 1.00




09/07/99 | OBX| p | 1 2 1188 0.66
09/07/99 [OBX| p | 2 2 1282 0.71
09/07/99 |OBX| p | 3 2 1215 0.68
09/07/99 |OBX| p 1| 23 - 1108 0.62
09/07/99 |OBX|{ p | 2 2.3 1123 0.63 ..
09/07/99 |OBX{ p | 3 2.3 1121 0.62 .
09/07/99 | OBX{ x | 1 0 1747 1.00
09/07/99 {OBX| x | 2 0 1738 0.99
09/07/99 | OBX| x | -3 0 1780 1.01
09/07/99 JOBX| x [ 1 0.5 1836 1.05
09/07/99 [OBX| x |2 0.5 1651 0.94
09/07/99 |OBX| x | 3 0.5 1564 0.89
09/07/99 | OBX| x | 4 0.5 1663 0.95 |,
09/07/99 | OBX| x | 1 1 1256 0.72
09/07/99 |OBX| x | 2 1 1910 1.09
09/07/99 | OBX{ x | 3 1 1476 0.84
09/07/99 |OBX| x | 4 1 1583 0.91
09/07/99 |OBX| x | 1 1.56° 1432 0.82
09/07/99 |OBX| x | 2 1.5 1402 0.80
09/07/99 [OBX| x [ 3 1.5 1080 0.62
09/07/99 {OBX| x | 4 1.6 1555 0.89 _
09/07/99 | OBX| x | 1 2 1208 0.69
09/07/99 |OBX| x | 2 2 1120 0.64
09/07/99 |OBX| x | 3 2 1301 0.74
09/07/99 |OBX| x | 4 2 1154 0.66
09/28/99]1 CS | p [ 1 0 1753.5 1.05
09/28/99| CS | p | 2 0 1685.2 1.01
09/28/99| CS | p | 3 0 _1564.1 0.94
09/28/99| CS | p | 1 0.5 1605.7 0.96
09/28/99{ CS | p [ 2 0.5 - 1699 1.02
09/28/99| CS | p | 3 0.5 1490 0.89
09/28/99| CS | p | 1 1 1741.9 1.04
09/28/99| CS | p {2 1 1526.8 0.92
09/28/99| CS | p | 3 1 1894 1.14
09/28/99| CS | p | 1 1.3 1483.8 - 0.89
09/28/991 CS | p| 2 1.3 894.5 0.54
09/28/99{ CS{p 3] 13 874.9 0.52
09/28/99| CS | p | 4 1.3 1511 0.91
09/28/991 CS | x | 1 0 1765 - 0.95
09/28/99| CS | x | 2 0 1968 1.06
09/28/99| CS | x | 3 0 1828 0.99
09/28/99 | CS | x | 1 0.5 1888 - 1.02
09/28/99| CS | x | 2 0.5 1455 -0.78
09/28/99| CS | x | 3 0.5 1607 - 0.87
09/28/99| CS | x 1 1 1582 0.85
09/28/99| CS | x | 2 1 457.5 0.25
09/28/99| CS | x | 3 1 1356.9 0.73
09/28/99) CS | x | 1 1.5 1318.2 0.71
09/28/99{ CS | x | 2 1.5 1717.8 0.93
09/28/99| CS | x | 3 1.5 9711 0.52
09/29/99| EB | p { 1 0 1769.2 1.14
09/29/99| EB | p | 2 0 1434 0.92
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00/29/99 | OBX] x | 2 1 1108 0.65
09/29/99 | OBX| x | 3 1 1430 083
09/29/99 |OBX| x | 4 7 1486 087
09/29/99 |OBX| x | 1| 1.5 1389.9 0.81
09/29/99 |OBX| x [ 2| 1.5 1044.6 061 -
09/29/99 |OBX| x | 3| 1.5 930.7 0.54
09/29/99 |OBX| x [ 4| 15 1285.7 0.75
09/29/99 | OBX| x | 1 2 421.8 0.25
09/29/99 | OBX| x | 2 2 996 0.58
09/29/99 | OBX| x | 3 2 935.3 055 |- .
09/30/99 | OBX| p | 1 0 1664 0.99 |
09/30/99 | OBX| p | 2 0 1705 1.01
09/30/99 |OBX| p | 3| O 1688 1.00 |
09/30/99 |OBX| p| 1| 0.5 1619.8 0.96 -

Joo/3o@e[OBX p | 2| 05 1504.2 0.89 -
09730/99 |OBX| p | 3| 05 1564.6 0.93

foezoeo [0BX [ p | 1] 1 1368.9 0.81
09/30/99 [ OBX| p_| 2 1 1529.4- 0.91
09/30/99 | OBX| p | 3 1 1426 0.85
09/30/99 |OBX| p | 1| . 1.5 1251.3 074 -
09/30/99 |OBX| p [ 2| 15 117356 0.70
09730/99 |OBX| p | 3| 1.5 1225.3 073
09/30/99 | OBX| p | 1 2 1189.1 0.71
09/30/99 |OBX| p | 2 2 1200.4 0.71
09/30/99 | OBX| p | 3 2 1182 " 0.70
00/30/99 [OBX| p [ 1] 24 984.4 0.58
09/30/99 |OBX| p [ 2 | 2.4 1220.9 0.72
00/30/99 |OBX| p | 3| 2.4 1087.9 0.65
09/30/99 | OBX| x | 1 0 1751 0.99
09/30/99 | OBX| x | 2 0 1746 0.99
00730799 | OBX| x | 3 0 1791 1.01
09730/99 |OBX | x | 4 0 1777 1.00
09730799 | OBX| x | 5 0 1795 1.01
00/30/99 | OBX| x | 6 0 1767 1.00
00/30/99 |OBX| x | 1| 0.5 1554 0.88
00/30/99 |OBX| x [ 2| 05 1742 0.98
00/30/99 |OBX| x | 3| 05 1563 0.88
09/30/99 | OBX| x | 1 1 1783 1.01
09/30/99 | OBX[ x | 2 1 1165 0.66
09/30/99 | OBX| x | 3 1 1959 711
00/30/99 |OBX| x | 1| 1.5 1099 0.62
09/30/99 |OBX| x | 2| 1.5 1380.3 - 0.78
09/30/99 |OBX| x [ 3| 15 1257 0.71
09730799 | OBX| x | 1 2 1505 0.85
09/30/99 | OBX| x | 2 2 ~1098 0.62
Joor30/99 [oBX| x | 3 2 1509 0.85
09/30/99 | OBX| x | 4 2 1563 0.88
11/03/99 | MKS| p | 1 0 494 4 1.02
11/03/99 |[MKS| p | 2 0 490.5 1.01
11/03/99 |MKS| p | 3 0 472.6 0.97
14/03/99 [MKS| p | 1| 05 376.8 0.78
71/03/99 |MKS| p [ 2| 05 364 0.75



Appendix 1.7. Light extinction coefficients, k, at 1-m depth at Lake Tahoe sUrvey
sites in areas with M. spicatum plants (p) and without plants (x). Exctinction -
coefficients were calculated by k=(-In(E,/E,))/z, where E, is the light at the surface
and E, is the light at depth, z. All measurements were taken in the water column
above the plant canopy. : - :

Date Place x/p rep k
07/07/99 CS p 1 0.246
07/07/99 CS X 1 0.302
07/07/99f MKS p 1 0.473
07/07/99 EB p 1 0.389
07/07/99 EB X 1 0.215
07/07/99} 0OBX p 1 0.085
07/07/99] OBX X 1 0.213
09/07/99] MKS p 1 0.246
09/07/99] MKS p 2 0.272
09/07/99). MKS p 3 0.255
09/07/99] MKS . X 1 0.495
09/07/99} MKS X 2 0.417
09/07/99]{ MKS X 3 0.370 .
09/07/99] MKS X 4 0.156
09/07/99] 0OBX p 1 0.200
09/07/99] OBX p 2 0.253
09/07/99] OBX p 3 0.231

- 09/07/99] OBX X 1 0.335 -
09/07/99] OBX X 2 -0.085
09/07/99] OBX X 3 0.173
09/07/99] OBX X 4 0.097
09/29/99 CS p 1 - -0.043
09/29/99 CS p 2 0.088
09/29/99 CS p 3 -0.127
09/29/99| CS X 1 0.159
09/29/99 CS X 3 0.312
09/29/99 EB p 1 0.262
09/29/99 EB p 2 0.228
09/29/99 EB p 3 0.237.
09/29/99 EB p 1 0.256
09/29/99 EB p 2 0.179
09/29/99 EB p 3 0.231
09/29/99] MKS p 1 0.292
09/29/99] MKS p 2 0.307
09/29/99] MKS p 3 0.352
09/29/99] MKS p 4 0.326
09/29/99} MKS X 1 0.141
09/29/99] MKS X 3 0.182
09/29/99| MKS X 4 0.143
09/29/99] OBX p 1 0.208
09/29/99| OBX p 2 0.097
09/29/99] OBX p 3 0.167
09/29/99{ OBX X 1 -0.006
09/29/99] OBX X 2 0.419
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e Appendix 1.8. Individual YSI measurements along a depth profile of dissolved oxygen
1 ; - (DO), temperature, and pH in areas with M. spicatum plants (p) and without plants x)
f on different dates at four Lake Tahoe survey sites: Crystal Bay Marina (CS), Emerald

Bay (EB), Meeks Bay Marina (MKS), and Obexer's Marina (OBX).

3 - Date | Site | p/x | rep. depth(m){ DO% DO(mg/l) | Temp(oC) pH
. 570779 1 ¢S | .p | 11 0O ' 8.47 .87 | 761
| b {07/07/99 CS p 2 0 -89 | 16.87 7.98
1 07/07/99 cs [ p 3 0 8.39 16.81 | 7.84
L 07/07/99 | CS p 4 0 8.39 1665 | - 7.78
oo |07/07/99 CS P 5 0 ' 847 | 16.51 7.84
]! . 07/07/99 CS | . p 1 0.5 8.61 16.87 7.61
| 1 107/07/99 | CS p 2 0.5 8.76 ' 16.66 7.92
o 07/07/99 cs .| p 3 0.5 8.52 16.6. 7.82
'; ~ |o7/07/99 CS p 4 05 8.44 16.66 7.88
{07/07/99 cS p 5 05 8.52 16.55 7.84
- fo7i07199 | CS p 1 1 » 863 | 1655 | 7.61
| 07/07/99 CS p 2 1 | 881 | 1654 7.9
1 fo7/07/99 | CS p 3 1 8.55 ~16.51 7.82
» ‘ 07/07/99 CS p 4 1 8.46 16.69 7.89
- 07/07/99 .| CS p 5 1 8.53 16.54 7.86
i - fo707799 | CS p 1 15 1 864 1629 | 7.62
L ' ‘ 07/07/99 CS~ p 2 15 876 | 165 7.89
- : 07/07/99 csS | p 3 15 861 | 1648 | 7.83
g fo7/07/99 CS D 4 15 846 | 16.66 7.9
fo7io7iee | €S | p 5 15 8.56 16.55 7.86
| o7/07799 | €S | p 1 2 882 | 16.32 7.74
| ~ [o7/07/99 cS p 2 2 8.74 1651 | 7.89
5 | 0770799 | ¢S | p | 3 2 868 | 1644 | 7.88
07/07/99 . | ~ CS p 4 2 849 | 16.53 7.97
| 07107799 CS D 5 2 ' 859 | 1644 | 7.89
1 - lororiee | CS X 1 0 7.81 1841 | 7.94
1 fo7i0799 1 ©S X 2 0 7.67 197 | 8
| ' 07/07/99 cS X 3 0 7.55 19.11 8.05
1 {07/07/99 CS X 4 0 7.02 2012 | 81
07/07/99 CS X 5 0 758 | 18.75 8.1
P 07/07/99 CS X 1 05 8.59 177 |. 79
l} | ' 07/07/99 cS X 2 0.5 7.99 18.33 8.08
Y ' - ‘fo7i07/9¢ | CS X 3 05 7.91 184 | 807
11 07/07/99 [ X 4 0.5 ‘ "745 | 19.04 8.11
|- ~ 07/07/99 CS X 5 0.5 7.64 1853 | 8.12
1 07/07/99 | CS X 1 1 897 | 17.52 8.09
IR 07/07/99 CS X 2 1 828 | 1767 | 8.15
I 07/07/99 €S X 3 1 792 | 17.58 8.13
B 07/07/99 cS X 4 1 7.87 - 18 8.14
: 07/07/99 CS X 5 1 , 7.71 18.14 8.17
07/07/99 CS X 1 15 8.91 17.46 8.18
!,l : 07/07/99 CS X 2 15 8.41 17.5 8.16
B 07/07/99 CS X 3 15 702 | 17.76 | 8.18
i 07/07/99 CS X 4 15 1 785 17.57 8.18
|
|




57/07/99

EB p 2 85.5 8.5 16.33 7.45
07/07199 EB p 3 846 | 846 16.26 7.34
|07/07/99 EB p 4 87 8.59 16.18 7.24
07/07/99 EB p 1 81.2 8.02 1595 |  7.54
07/07/99 EB D 2 86.2 8.46 15.84 75
07/07/99 . EB P 3 87.4 8.67 15.92 7.36
07/07/99 EB p | 4 875 | 866 15.86 7.23
07/07/99 | . EB | p 1 81.9 8.08 15.84 7.51°
07/07/99 EB p 2 876 | 868 15.81 7.5
07/07/99 EB D 3 88 8.7 15.87 7.38 -
{07/07/99 EB D 4 88.1 873 | 15.81 727
07/07/99 EB p.| 1 81.8 8.11 15.77 749
07/07/99 EB D 2 86 8.56 15.68 75 -
107/07/99 EB D 3 88.3 8.72 1593 | 7.33
07/07/99 EB D 4 88.5 8.79 15.75 727
07/07/99 EB p 1 81.9 8.16 15.66 7.45
[07/07/99 EB- D 2 - 86.1 8.57 15.56 75 .
0%/ (9% ul5avEB O ki R b Iy oy 90.8 9.07 15.43 7.14
fo7roriee ] BB | x [ 1° 88.2 8.59 16.21 7.41
07/07/99 EB X 2 89.3 8.74 15.83 7.36" .
07/07/99 - EB X 3 91.2 9.06 15.88 7.36 |
07/07/99 EB X 4 89 8.76 16.25 737
07/07/99 EB X 5 89.5 8.8 16.23 746
07/07/99 EB X 1 884 | 8.72 16.33 747
07/07/99 | . EB X 2 89.8 8.81 16.38 7.33
107/07/99 EB X 3 90.8 8.96 15.89 7.37
07/07/99 EB X 4 89.6 8.81 16.17 7.29
§07/07199 ‘EB X 5 924 9.19 16.15 7.43
-J07/07/99 | EB x .| 1 893 | 887 15.78 7.49
-|07/07/99 EB X 2 89.5 8.85 16.06 7.33
07/07/99 EB . [ x 3 90.8 9.02 15.62 7.38 |
07/07/99 | EB X 4 91.2 8.99 16.17 731 |
07/07/99 | EB° X 5 91.9 9.06 15.93 7AT:.
07/07/99 | EB X 1 89.5 8.92 15.88 757
“{o7/07/99 EB X 2 90 8.95 15.6 7.4
07/07/99 EB X 3 91.1 9.05 15.54 7.38;
07/07/99 . EB X 4 91.2 '9.06 15.91 7.41
07/07/99 EB X | 5 9137 |  9.06 16.12 7.46
07/07/99 EB X 1 897 8.92 . 15.68 75
07/07/99 EB X 2 90 | 8.98 15.5 7.39 -
07/07/99 EB X 3 91.3 9.08 15.66 7.31
07/07/99 EB x | 4 91.3 .9.09 15.67 7.43
07/07/99 EB X 5 915 9.09 15.78 7.48"
07/07/99 OBX D 1 90.7 9 146 7.97
07/07/99 OBX p 2 91.5 9.32 14.56 7.75 .
07/07/99 | ~OBX p 1 90 9.23 14.4 7.92 -
07/07/99 OBX p 2 93 9.5 14.46 7.74
07/07/99 OBX p 1 89.6 9.16 14.37 7.9
07/07/99 OBX p 2 92.9 9.31 14.39 7.69
07/07/99 OBX ) 1 89.2 9.17 14.36 7.86
07/07/99 OBX p 2 91.3 9.39 1437 | 7.48
07/07/99 OBX D 1 90.8 9.28 14.36 7.8
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08/30/99 0BX X 1 0.5 90.2 8.72 16.96 | ~-7.98
08/30/99 0BX X 2 0.5 89.9 8.65 172 7.98
08/30/99 | OBX X 3 0.5 91.2 8.75 17.18 7.94
108/30/99 OBX X 1 1 90.2 8.71 17.03 - 7.99
]08/30/99 OBX X 2 1 90.6 8.7 17.2 8.02
08/30/98 0OBX X 3 1 91.3 8.77 17.2 - 8.04
08/30/99 | OBX X 1 |1 15 90.5 8.74 16.99 8. .-
08/30/99 OBX X 2 1.5 90.4 8.73 171 - 28.04
08/30/99 OBX ‘X 3 1.5 91.5 8.81 17.19 - 8.05
08/30/99 OBX X 1 2- 90.8 8.86 16.64 - 8.04 -
. |08/30/99 | OBX X 2 2 921 - 9.08 16.02 | .. 8.11.
- J08/30/99 .0BX | x 3 2 91.8 9.01 - 16.24 - 8.09 -
08/30/99 | -OBX X 1 2.5 91.3 9.01 16.19 -:8.06
_-|o8/30/99 OBX X 2 2.5 92.6 9.14 15.94 81
108/30/99 OBX X 3 2.5 92.5 9.18 -15.84 8.12 °
08/30/99 | - CS p 1 0 95.4 9.03 - 18.37 8.03.:
-108/30/99 CS p 2 0 111.8 10.44 18.79 - 814
08/30/99 | CS | p 1 0.5 98.5 9.29 18.28 | . 7.95°
08/30/99 CS p 2 0.5 112.2 10.52 18.49 '8.09
08/30/99 | CS | p 1 1 102.5 - 9.62 - 18.12 7.95
08/30/99 CS p 2 1 112.3 10.52 18.52 - 8.06 .-
'108/30/99 CS p 1 1.5 102.2° 9.67 18.09 .. 7.95
08/30/89 CS p ] 2 1.5 112.5 10562 *| 1833 -8.06
08/30/99 . CS x 11 0 99.1 9.3 18.96 8.12
. 108/30/99 CS - X 2 0 111 10.97 18.67 - 7.87
|o8/30/99 | - CS X 1 0.5 101 - 9.54 18.6 7.92
08/30/99 CS X 2 0.5 1121 10.52 118.82 57.95
© 108/30/99 CS . X 1 1 113.8 10.53 | 184 783
: . 108/30/99 CS X 2 1 1131 10.6 | .18.72 7.97 ¢
08/30/99 CS X 1 1.5 111.6 10.45 18.63 7.84
08/30/99 CS X 2 1.5 111.5 10.48 18.35 7.9
08/30/99 CS X 1 2 1108 10.41 184 7.85°
08/30/99 _ CS X 2 2 112.3 10.5 - 18.34 . 7.95.
08/30/99 EB p 1 0 89.7 8.47 17.66 . 7.81
08/30/99..| EB p 2 0 84 8 17.68 . 7.73
. {08/30/99 - EB p 1 1 05 88.1 8.36 17.68 . 18
108/30/99 EB p 2 0.5 90.4 8.3 17.7 7.78
©108/30/99 EB p 1 1 87.7 8.36 17.68 7.81
08/30/99. | - EB | p 2 1 87 8.29 . 17.7 7.78
08/30/99 |. EB p 1 1.5 87.5 8.34 ~17.68 7.81
08/30/99 EB p 2| 15 87.1 8.31 17.7. 7.78
08/30/99 .| EB p 1 2 88.9 8.47 17.69 7.79
. 108/30/99 EB <1 p 2 2 87.8 8.34 17.68 7.79
-}08/30/99 EB p 1 3.5 84.5 8.16 16.89 7.62
08/30/99 EB p 2 3.5 86.8 8.29 17.5 7.61
-108/30/99 EB X 1 0 {1 913 8.66 17.68 - 7.81
08/30/99 EB X 1 0.5 - 90.4 8.6 17.73 7.83
08/30/99 EB X 1 1 90 8.55 17.73 7.83
08/30/99 EB X 1 1.5 S0 8.55 17.7 7.82
08/30/99 EB X 1 2 90.4 8.5 17.7 7.82
09/28/99 | OBX P 1 0 52.5 5.08 16.98 7.75
09/28/99 0BX p 2 0 54.1 5.24 16.93 7.71
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09/28/99 EB p 1 2 462 | 4.38 17.86 7.44
09/28/99 | ~EB p 1.1 .3 472 | 449 17.8 7.42
09/28/99 | . EB P 1] 33 412 3.82 1779 | 72
09/28/99. EB- | x | 14 .0 46.8 235 | 1857 | 7.85 |
09/28/99 | - EB- | x | 2 | .0 | 529 | .49 | 1865 | 757
09/28/99 EB X 1 0.5 47.4 441 | 18.31 768 .
{09/28/99 EB X 2 05 |. 531 | 497 | 1832 7.53
09/28/99 | EB x |1 1 405 A48 | 1822 | 7.63
Joer2si99 | . EB X 2 1 53 | 5 .| 18.29 7.52
-J09/28/99 EB X 1 15 | 501 | 1467 | 1816 | . 7.51
09/28/99 EB X 2 1.5 53 503 .| 17.92 | 17.49
09/28/99 EB x | 1 2 501 | 473 ] 1813 7.49
09/28/99 EB x | 2 2 535 | 5.07. | 17.81 | 744
09/28/99 EB X 1 3 506 | 481 | 1779 | 7.43
09/28/99 | EB x _|.2 3 524 | 497 | 17.72 7.43
09/28/99 | MKS D 1 0 427 | 406 | 17.71 7.74
00/28/99 | MKS p 2 0 494 | 473 17.83 747
00/28/99 | MKS D 1 0.5 426 | 409 | 1738 | = 7.61
00/28/99 | MKS p 2 0.5 499 | 479 | 1724 741
00/28/99 | MKS p 1 1 432 |- 416 .| 17.41 755 |-
09/28/99 | MKS D 2 1 523.| 512 | .16.92 | 7.33 |
00/28/99 | MKS D 1 15 | 439 .| 431 .| 1618 |- 7.33 if:
09/28/99 | MKS p |- 2 15 | 535 | 5231658 7.28 .
00/28/99 | MKS D 1 2 441 | 435 | 15.95 7.24

- [o9/28/99. | MKS p 2 2 523 |. 511 | 1641 | 7.2 .
109/28/99 |- MKS X 1 0 47.9 449+ 1849 [ 7.71 i}
00/28/99 | MKS X 2 0 543 |- 511 ] 1843 763
00/28/99 | MKS X 1 0.5 284 | 458 | 18.51 772
00/28/99 | MKS X 2 0.5 55 517 | 1837 766 1.
00/28/99 | MKS X 1 1 50 . | 469 |- 18.53 771} ¢
00/28/99 | MKS X 2 1 552 | 524 | 17.84 768 |.
00/28/99 | MKS X 1 1.5 51| 4871756 7.63-1-].4
00/28/99 | MKS X 2 15 | 552 | 532 17.28 759
09/28/99 | -MKS | x | 1 2 | 517 | 493 | 1721 | 756 -
00/28/99 | MKS X 2 2 552 | 539 | 167 751 |
00/28/99 | MKS X 1 25 | 505 492 | 16.61 745 .}
00/28/99 | MKS X 2 25 575 | 561 16.54 749 -
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Appendix 1.2. Total nutrient C, N, and P, as well as C/N, C/P, and N/P ratios for M.

spicaturn roots and shoots during Summer 1999 at four survey sites: Meeks Bay Marina

{(MKS), Crystal Bay Marina (CS) Emerald Bay (EB), and Obexers Marina (OBX).

Date | Sie | TooUshoot] plant%C | plant%N | pant%P| GIN | C/P | N/P_|]
07/07/99 | MKS | shoots | -35.3 3.16 | 053 |11.19] 66.60 [ 5.953
07/07/99 | MKS | shoots [ 36.0 324 | 044 |11.12] 81.82|.7.355
07/07/99 | MKS | shoots | 30.6 265 | 0.46 |11.54]| 66.52 | 5.765
07/07/99 | 'MKS | roots | 326 | 1.58 | 0.30 [20.65]108.67| 5.263
07/07/99 | MKS | roots - | 346 129 | 0.22 [26.82|157.27] 5.864
07/07/99 | MKS | roots | 35.8 1.82- | 0.22- [19.66]162.73] 8.277
07/07/99 | .OBX | shoots | 37.1 | 2.33 | 0.23 [15.94[161.30[10.122
07/07/99 | OBX | shoots | - 35.0 | 2.29 | 0.28 [15.26]125.00| 8.193
07/07/99 | OBX | shoots | 35.3 2.31 | 0.23 [15.26}153.48][10.057]"
07/07/99 | OBX | roots | 37.6 1.22 30.77
07/07/99 | OBX | foots | 359 | 1.37 _ 26.15
07/07/99 | . OBX:| roots- | 37.0: | 1.19 31.17 L

lo7/07798 " CS | shoots | 383 | 1.58 | 0.24 [24.26]159.58| 6.579
07/07/99| CS | shoots | 39.2 168 | 0.24 |23.31]163.33] 7.008
07/07/99| CS | shoots |. 39.0 154 | 0.26 |25.36/150.00] 5.915
07/07/99| CS roots . | 38.6 0.88 Ta4.11]" '
07/07/99| CS roots | 405 | 0.85 47.65
07/07/99| CS | roots [ 36.1 0.93 " |38.73
07/07/99| EB roots |~ 38.3 127 | 0.09 |30.21|425.56|14.089
07/07/99| EB | shoots | 39.8 | 1.88 | 0.23 [21.13]173.04| 8.191] -
07/07/99| EB | shoots | 412 -| 251 | 0.18 |16.41|228.89|13.950| -
07/07/99 | EB | shoots | 41.4 258 | 0.25 |16.06}165.60{10.312}
07/07/99| EB roots - 39.1 1.15 | '133.97
07/07/99| EB | roots” | 386 [ 1.39 27.69 N
08/31/99 | MKS | shoots | 40.2 223 | 0.26 |18.05]154.62| 8.565
08/31/99 | MKS | shoots | 396 | 2.05 | 0.29 [19.28]136.55| 7.083
08/31/99 | MKS | shoots [ 39.7 157 | 0.31 |25.35[/128.06{ 5.052
08/31/99 | MKS | shoots | 38.8 155 | 0.35 [25.06]/110.86] 4.423
08/31/99 | MKS | shoots [ 39.6 178 | 0.24 |22.23[165.00] 7.421
08/31/99 | MKS. | roots 40.5 132 | 0.18 |30.66|225.00] 7.339
08/31/99 | MKS | roots 38.4 0.99 . | 0.25 |38.87|153.60] 3.952
08/31/99 | MKS | roots 39.4 0.98 | 0.12 |40.041328.33] 8.200
08/31/99 | MKS | ‘roots [ .39.7 105 | 37.81 »
08/31/99 | MKS- | _roots 38.2 1.08 35.24 .
08/31/99| OBX | shoots | 417 253 | 0.47 |16.50| 88.72 | 5.377
08/31/99 | OBX | shoots | 417 | 2.33 | 0.42.]17.90| 99.29 | 5.545
08/31/99 | OBX | 'shoots [ = 40.8 172 | 0.39 |23.68[104.62] 4.418
08/31/99 | OBX | shoots | 415 | 2.13 | 0.38 [19.52}109.21| 5.595
08/31/99 | .OBX | roots 387 | 1.34 | 0.20 |28.90}193.50] 6.695
08/31/99| OBX | roots |[. 38.0 123 | 0.21 |30.82]180.95] 5.871
08/31/99 | OBX | Troots 38.9 114 | 0.19 |34.06|204.74] 6.011
08/31/99 | OBX | roots 38.8 0.96 | 021 |40.54[184.76] 4.557
08/31/99| CS roots 35.4 0.77 | 0.10 |45.97[354.00] 7.700
08/31/99| CS | roots 40.9 0.91 | 0.10 |44.90/409.00] 9.110
08/31/99| CS | shoots | 38.8 136 | 0.22 |28.57[176.36] 6.173.
08/31/99] CS | roots | 39.1 0.95 | 010 |41.07|391.00] 9.520




08/31/99

28.09

11/05/99

CS shoots 414 | 1474 | 019 217.89| 7.758
08/31/99| CS shoots 40.6 1.474 | 0.25 |27.54|162.40] 5.896
11/05/891 CS roots 38.5 1.154 | 0.09 [33.36]|427.78/12.822
11/05/99 | CS roots 39.4 1.124 | 0.11 }35.05|358.18/10.218
11/05/99 | CS roots 40 0.952 | 0.11 [42.02}363.64| 8.655
11/05/99 | CS roots 378 | 126 | 0.12 |30.00{315.00§10.500
11/05/99 | CS roots 38.9 1.172 | 0.11 133.19]353.64110.655
11/05/99 | CS shoots 40.6 1.873 | 0.22 |21.68}] 184.55] 8.514
11/05/99 | CS shoots 409 | 2.197 | 0.26 [18.62}157.31] 8.450
11/05/99 | CS shoots 41.4 1.777 | 0.29 |23.30{142.76| 6.128
11/05/99 1 CS shoots 39.8 1.914 | 0.27 |20.79] 14741 7.089
11/05/891 CS_ shoots 40.4 1.986 | 0.24 |20.34| 168.33] 8.275
|08/31/99| EB roots 39.7 | 1.394 | 0.17 |28.48}233.53| 8.200
- ]08/31/99 | -EB .| roots 39.7 1.616 | 0.13 124.57}305.38[{12.431
08/31/99 | . EB roots 38.9 | 1.317 | 0.15 }29.54}259.33} 8.780
08/31/99 | “EB shoots” | 41.9 | 1.755 | 0.23 |23.87]182.17{ 7.630
08/31/99 | 'EB (| shoots:| 415 | 2.697 | 0.17:115.39|244.12|15.865
08/31/99| EB | shoots | 41.1° | -2.505 | 0.34 |16.41]| 120.88| 7.368
11/05/99 | "EB | ‘roots ‘| "44.1 | 1.185 |-0.09 |37.221490.00|13.167
11/05/99 | EB |° roots | :43.5 “| 1.309 |:0.09 |33.23]483.33|14.544
111/05/99 | EB roots 41.9 | 1.599 | °0.13 126.20|322.31]12.300
11/05/99 | EB shoots 42.9 1.523 | 0.15-128.171286.00{10.153
11/05/99 | EB shoots | 42 1 2.364 | 0.33 |17.77}1127.27| 7.164
11/05/99 | EB shoots 43.2 2.132 | 0.15 120.26]1288.00|14.213
11/05/99 | EB shoots 42.8 2.524 | 0.18 |16.96]|237.78114.022
11/05/99 | EB shoots 42.5 2.833 | 0.24 |15.00/177.08|11.804
08/31/99 | - MKS roots 38.7 1.443 | 0.15 |26.821258.00] 9.620
08/31/99 | MKS roots 38.3 1.519 | 0.24 |25.21]159.58] 6.329 |
08/31/99 | MKS shoots 39.5 2.048 | 0.19 [19.29]207.89]/10.779
08/31/99 | MKS | shoots 38.9 1.823 | 0.19 [21.34]|204.74| 9.585
08/31/99 | MKS shoots 39.3 1.734 | 0.28 |22.66]140.36] 6.193
-111/05/99 | MKS roots 38.9 1.874 | 0.15 |20.761259.33{12.493
11/05/99 | MKS roots 39.6 1.875 | 0.17 |21.121232.94]11.029
11/05/99 | MKS | shoots 39 2.857 | 0.27 [13.65|144.44|10.581
11/05/99 | MKS shoots 35.8 3.32 0.4 |10.78] 89.50 | 8.300
11/05/99 | MKS shoots 40.3 2.262 0.2 |17.821201.50{11.310
- |11/05/99 | MKS shoots 38.3 | 1.878 | 0.33 |20.39]116.06] 5.691
08/31/99 | OBX roots 37.9 1.011 | 0.18 |37.49}210.56] 5.617
08/31/99 | OBX | roots 38.5. 1.112 | 0.18 }34.62|1213.89]| 6.178
08/31/99 | OBX shoots | 38.5 1.37 0.29 |28.10}132.76| 4.724
08/31/99 | OBX shoots 39.3 1.562 0.3 |25.16]131.00{ 5.207
11/05/99 | OBX roots 38.2 1.735 | 0.28 22.02|136.43| 6.196
11/05/99 | OBX shoots 40.6 2.315 | 0.48 [17.54| 84.58 | 4.823
OBX shoots 39 1.91 0.33 [20.42|118.18} 5.788
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Appendix 2.1. Mean 32P activities detected in the water columns of M. spicatum
(MS) and E. canadensis (EC) microcosms under long and short-day photoperiods.
Activities were also transforemed to a percent of the starting activity in the root
compartment of mason jars. '

Date - 1 Treatment Mean - - Std. Dev. - Percent Std. Dev.

: Ao (dpm) | Ao (dpm) of start % of start
09/04/1999 " .|EC-long 2783 - 3552 0.0112 0.0143 -
09/05/1999 |EC-long 15893 28112 0.0637 0.1124
09/07/1999 |EC-long 2319 1527 ~ 0.0095 0.0063
09/08/1999 |EC-long 5383 3624 .. 0.0218 0.0145 .

{09/09/1999 |EC-long 3180 3760 0.0128 0.0151
09/10/1999 |EC-long 2368 4017 0.0095 0.0162 .}
09/11/1998 |EC-long - 0 0 0.0000 0.0000 @
09/13/1999 |EC-long 0 0 0.0000 0.0000
09/14/1999 |EC-long - 268 535 - 0.0011 0.0022 -
09/15/1999 = |EC-long 1471 835 0.0060 0.0033 . . :
09/16/1999 - |EG-long 2886 5416 0.0116 0.0218" | =
09/17/1999 |EC-long © 9720 4668 0.0394 0.0184-.. -
09/18/1999 - |EC-long 5078 2296 0.0207 . 0.0093 .
09/19/1999 |EC-long 4198 1819 0.0170 0.0072
09/20/1999 |EC-long . 9500 5171 0.0320 - 0.0214
09/21/1999 |EC-long . 1768 3535 0.0071 - 0.0143 |-
09/22/1999 |EC-long 0 0 0.0000 0.0000 |’
09/23/1999 ° |EC-long 2475 4950 0.0100 0.0200
09/24/1999 |EC-long 495 990 0.0021 . 0.0042 -
09/25/19989 |EC-long 2298 4585 0.0098 0.0186 - "
09/26/1999 |EC-long 3939 7447 0.0159 -0.0300 -
09/27/1999 |EC-ong 8711 6513 0.0359 - 0.0269 |
09/28/1999 . |[EC-long 0 0 0.0000 | 0.0000 |
09/29/1999 |EC-long - 0 0 0.0000 . "0.0000 .} .
09/30/1999 |EC-long -0 0 0.0000 0.0000 i
10/02/1999 |EC-long 0 0 0.0000 0.0000 .=} .
10/03/1999 |EC-long 13683 11862 0.0550 0.0475
10/05/1999 |EC-long 4625 9250 0.0186 0.0373 .
10/09/1999 |EC-long 5313 8315 0.0215 . 0.0336 -1
10/10/1999 |EC-long 3425 6850 0.0139 0.0277 .
10/11/1999 |EC-long . 4375 8750 0.0176 .0.0353 .
10/13/1999 |EC-long 0 0 0.0000 0.0000
10/14/1999 |EC-long 0 0 0.0000 0.0000 .| -
10/16/1999 |EC-long 8818 6256 . 0.0361 0.0254 . |
10/19/1999 |EC-long 5103 7927 - 0.0205 -0.0320 .-
10/20/1999 |EC-long 12811 19318 0.0516 - 0.0779 -
09/04/1999 |EC-short 2692 2427 0.0108 0.0093 . |
00/05/1999 |EC-short 2506 2697 0.0101. 0.0110 -~
09/07/1989 |EC-short. 2598 2385 0.0106 0.0097. -
09/08/1999 |EC-short_ 5290 2485 0.0217 0.0103 .
09/09/1999 |EC-short _ 3029 3232 0.0122 0.0129
09/10/1999 |EC-short 2800 2270 0.0116 0.0098
09/11/1999 |EC-short 0 0 0.0000 0.0000
09/13/1999 |EC-short 0 0 -0.0000 0.0000
09/14/1999 |EC-short 0 0 0.0000 0.0000
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10/02/1999  |MS-long 28560 62309 0.1111 0.2411
110/03/1998 |MS-long - 59680 87528 0.2403 0.3382
10/05/1999 |MS-long 51926 79301 - 0.2125 0.3110
10/09/1999  |MS-long 91580 90221 0.3848 0.3861
10/10/1999  |MS-long 76720 - 91994 - - 10.3260 0.3957
10/11/1999  |MS-long - 90350 | - 104936 .0.3818 0.4432
10/13/1999 - |MS-long 82138 102672 0.3458 04291
10/14/1999 |MS-long - 83362 120160 0.3476 . '0.4856 -
10/16/1999 |MS-long 108820 - 126689 0.4638 0.5519
10/19/1999 |MS-long - 76756 106831 0.3227 _ - 0.4400
10/20/1999 {MS-long 106188 102090 0.4480 04441 =
09/04/1999 |MS-short 3016 2759 - 0.0125 -0.0117
09/05/1999  |MS-short . 37112 3521 0.0150 - | 0.0145
09/07/1999  |MS-short - 4912 5006 -0.0196 . 0.0204
09/08/1999 |MS-short - 6900 2697 0.0276 0.0103 -
09/09/1993  {MS-short 2780 ‘4426 . 0.0116 - 0.0189 .
09/10/1999 |MS-short 2772 2258 . 0.0111 0.0090. -
-109/11/1999 |MS-short . 0 : 0 0.0000 -~ ..0.0000
09/13/1999  [MS-short 0 0 '0.0000 ..0.0000 .
09/14/1999 |MS-short 0 0 ~0.0000 .0.0000 .
09/15/1999 " |MS-short 2499 2790 0.0099 ...+;0.0110
09/16/1999 -|MS-short . |. 1160 - 1963 0.0046 ~0.0076 .
09/17/1999 [MS-short | -7074 . 6190 0.0292 ' |.. 0.0269: .
09/18/1999 |MS-short 5758 4535 0.0234 0.0185 -
109/19/1999 |MS-short | 6882 - 5396 . 0.0276 | °0.0215 -
09/20/1999  [MS-short 4326 4549 0.0169 . *|  0.0174.
09/21/1999 |MS-short 1640 3667 0.0070 :-| ~0.0156 .
09/22/1999 |MS-short 1132 2089 - 0.0048 .| :0.0089"
09/23/1999 [MS-short . .| ~ 2262 4313 0.0096 " ~0.0184
09/24/1999 _ |MS-short 4025 - 5619 0.0167 - 0.0236 .
09/25/1999 |MS-short - 1312 1608 0.0054 ,0.0066
09/26/1999 [MS-short 1968 ~ 4401 0.0084 0.0187
09/27/1999 |[MS-short 4928 9662 0.0209 0.0412 =
09/28/1999 {MS-short 1968 | . 3712 0.0083 '0.0158.
09/29/1999 |MS-short 4720 10554 0.0201 ~0.0450
09/30/1999  |{MS-short 8160 18024 0.0313 +.0.0692
10/02/1999 {MS-short 5920 = 12150 0.0252 °0.0518
10/03/1999  |MS-short 44818 54020 0.1844 0.2251
10/05/1999 |MS-short - 45720 92708 0.1938 0.3952 -
10/09/1999 |MS-short . 71000 © | ~ 158761 0.3024 | 0.6762
10/10/1999 |MS-short | 84380 166788 0.3564 0.7117
10/11/1999 |MS-short . 70000 - 166525 0.2981 . 0.6667
10/13/1999 |MS-short 79162 176002 0.3370 - 0.7497
10/14/1999 [MS-short 85600 | 191407 0.3646 0.8153
10/16/1999 |MS-short 109840 222666 0.4657 0.9495
10/19/1999 |MS-short 92960 199150 0.3951 - 0.8487
10/20/1999  |MS-short 109214 231402 0.4637 0.9864
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10/20/38]MS-short  |[MS10 8.927] 19638450
10/20/99|EC-long _ |EC1 7.546| 16600550
10/20/99|EClong . |EC3 6.589] 14495047
10/20/99|EClong__|EC4 7.226| 15897793|
10/20/99|EC-long_|EC5 8.445| 18578782
10/20/99|EC-short__|EC6 _ 5601| 12519581
"10/20/99|EC-short _ |[EC7 "6.699] 14738521
~10/20/99|EC-short__|EC8_ 7.929] 17444411
“10/20/99|EC-short_[EC9___ 8.567| 18847157
10/20/98|EC-short |EC10 _. T 0.026] 19857024
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0.0

EC-long |EC2 leaflets F 0 | 0.0000 0.0000 0 0
EC-long |EC3 leaflets F | 0.0009 | 00000 | 00 0.0000 0 0
EC-long |EC4 leaflets F 0 0.0000 0.0 0.0000 0 0
EC-long |EC5 leaflets F 10.0111 | 0.0000. 0.0 ~0.0000 0 0
EC-short |EC6 leaflets .F | 0.0019 { 0.0000 0.0 0.0000 0 0
EC-short |EC7 leaflets F | 0.003 | 0.0000 0.0 0.0000 0. .0
_|EC-short EC8 leaflets F | 0.008 | 0.0000 0.0 0.0000 - 0 0
EC-short |EC9 leaflets F 0 0.0003 0.0003 o - 702
EC-short |EC10 lleaflets F 0 0.0000 | 0.0 0.0000 0 -0
MS-long. {MS1 green-tips F 0 0.0100 0.0100 | . 0 21,943
MSdong  |MS2 green-tips | F 0.0816 | 0.1867 2.3 -0.1867 5,032,810 410,677
MS-long |{MS3 green-tips {A+F} i 0.0221 0 48,713
MS-long |MS4 green-tips ' | A+F 0.2866 0. 630,630
IMS-long |MS5 green-tips .| F | 0.0237 0.0000 | 0.0 0.0000 [s) o]
- IMS-short  |[MS6 green-tips ‘F | 0.0299 | 0.0066 0.2 0.0066 484,351 14,482
MS-short  |MS7 green-tips F. | 0.0568 | 0.0353 0.6 0.0353 1,366,003 77,589
. {MsS-short. -|[MS8  -|green-tips F | 0.0446 | 0.6637. 14.9 0.6637 .| . 32,738,723 1,460,147
. {MS-short  [MSS green-tips F | 0.0002 | 0.0045 227 0.0045 .| 50,029,082 . 10,006
MS-short  |[MS10 green-tips F |.0.0228 | 0.0000 0.0 0.0000 0 .0
IMS-long  |MS3 green-tips A | 0.0497 | 0.0090 0.2 0.0090 399,117 19,836
MS:long - |MS4 green-tips A | 0.0227 | 0.2277 10.0 -} 0.2277 22,066,309 .{ 500,905
JMS-long - |{MS3 green-tips F.| 0.0178 | 0.0131 0.7 0.0131 1,622,272 | . 28,876
MS-long - IMS4 . |greentips | - F 0.0074 | 0.0580 8.0 0.0580 |. 17,530,342 | 129,725
-IMS-long  |MSH1 wall .29 | 0:0000 0.0 0.0000 - 0 - . 0
MS-long |[MS2 . |wall 29.8 |.0.0000 0.0 0.0000, 0 0
“IMSdong [MS3  |wall 30 0.0000 0.0 0.0000 0 0
MS-long [MS4 wall 28.9 0.0000 0.0 0.0000 0. 0
-IMS-long  |[MS5 wall - 30 0.0003 0.0 0.1504 614 - 330,928
‘IMS-short  [MS6 wall - 29.5 0.0000 0.0 0.0000 0 7.0
MS-short  IMS7 wall 29 0.0000 0.0 0.0000 . 0 0
MS-short  |[MS8 wall 30.3 | 0.0000 0.0 ~0.1085 0 238,741
MS-short {MS9  [wall .29.5 | .0.0000 0.0 0.0000 - 0 .0
IMS-short  {MS10 wall 28.9 0.0003 0.0 0.1449 614" 318,794
~. JEC-long |EC1 wall 29.8 0.0001 0.0 -0.0640 . 263 ’140,881
EC-long |EC2 wall 30 0.0000 0.0 0.0000 -0 .0
EC-long EC3 wall 30 0.0000 0.0 0.0000 0 w0
EC-long EC4 wall 30.2 0.0000 0.0 0.0000 .. 0 1 0
. JEC-long EC5 wall 29.5 0.0002 0.0 0.1057 | 438 . 1::232,437
EC-short |EC6 wall 30 0.0001 0.0 0.0645 263 1:+141,826
EC-short |EC7 wall 29.5 0.0000 0.0 0.0000 -0 .0
EC-short |EC8 wall 30.5 0.0000 0.0 . 0.0000 0 -0
“JEC-short |[ECO wall 29.2 0.0000 0.0 -0.0000 0 0
EC-short |[EC10 - |wall 30 0.0000 0.0 0.0000 0 0
MS-long |MS1 - {spm 0.0000 0.0 0.0000 0 0
MS-long - [MS2  {spm 0.0005 0.0 0.0199 1,141 43,885
MS-long - |[MS3 spm 0.0000 0.0 0.0000 - 0 .0
MS-long |MS4 spm 0.0000 0.0 0.0688 0 1 151,404
MS-long |[MS5  |spm 0.0000 0.0 0.0000 0 ' 0
MS-short  |[MS6 spm 0.0000 0.0 0.0000 0 o
MS-short |MS7 spm 0.0000 0.0 0.0289 0 63,633
MS-short |MS8 spm 0.0012 0.0 0.0938 2,545 206,260
MS-short |MS9 spm 0.0000 0.0 0.0080 - 0 0
MS-short {MS10 |spm 0.0000 0.0 0.0000 0 0
EC-long |EC1 spm 0.0000 .0.0 0.0000 0 0
JEC-long |EC2 spm 0.0000 0.0 0.0000 0 0
EC-long |EC3 -|spm 0.0000 0.0 0.0000 0 0
EC-long [EC4 spm 0.0000 0.0 0.0000 0 0
EC-long |EC5 spm 0.0000 0.0 0.0000 0 4]
EC-short |EC6 spm 0.0000 0.0 0.0000 0 0
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EC-short”

EC6.

9/15-root-water

0.0489

0.0489

107,697 -

EC-short

EC7 .

19/15-root-water .-

0.1503

0.1503

330,763

EC-short. .

EC8 -

9/15-root-water

| 0.2556

0.2556

- 562,359

EC-short

|EC9

- {9/15-root-water

0.2217

0.2217

487,774

EC-short

EC10 .

9/15-root-water

105082

0.5082 .

1117961

259



263

11/17/99 |EC3 24.260 0576 | 4.348 18 35.8 2.318 0.14 _
11/17/99 |EC11 | 20.462 0.669 5.461 27 33.9 - 2.257 0.15
12/05/99 |EC 14 18.763 0.432 2.608 14 36.4 2.066 0.14
12/05/99 |EC7 | 24555 0.501 3.443 14 36.9 2.19° 0.14
12/05/99 |EC4 24.461 0.397 2.183 9 38.9 2.314 0.11




